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S^GUKK 
The flavnnoids have b'^ en mentioned to have mmy important 
1,2 130-32 
physiological actions . Vitexin (fl-G-JJ-D-ir'''Jcoriyranosyl 
ar>ifrenin) was investip-it* d in our Inst i tute and v/as found to have 
a good hypotensive action of a very long duration. In view of the 
important pharmacological actionn of the f lavonoids, v/e synthesised 
some new 6-6"-linked bif lavonoids to investigate their pharmacological 
actions ir our Department of phnrraacolony, 
BPRiden thene synthetic studies, thre" im-iort-nt indigenous 
jnedlc-in---"' ^ifntn '-ere .•9''so i rvpst i r « ted for their chemical constituents, 
All rtur f indiri fs hav» bre- rTortf^d in this thesin, 
•^ he present the< i^p has been divided into the following chapters. 
A - Theory 
B - New iVork 
(a) Discussion 
i ) Synthetic studies 
i i ) Phytochemical studies 
(b) .'•]xperimental work 
i ) Synthetic studies 
i i ) Phytochemical studies 
T'he theory r>art o^ tho thef!i<5 covers =3 c r i t i ca l review? of the 
chemistry of flavonoidn, ""heir glycof^ides and bif lavonoids ^rd 
hi"-f l irhtp the recent advn'-ceR in the nnalvtical techniques as applied 
t-o tVip isolat ion, syntheses and st'"ucture elucidation of these coEpound , 
er^co'd n-rt of fi -is •' ' ork v'l-'ich includes 
( i ) Gynthptic --"^ d ( i i ) phytocbpriic-l studies. 
,4 bripf o'f the vork carried out is given belov;: 
( i ) Synthetic studies; 
Several nev 6-6"- '-in^voroidF and their irterraediate compounds 
were synthesised and their structures elucidated hy modern analyt ical 
techniques l ike U. V., I . and v . f , spectrometry. Al l these 
compounds analysed sat i s fac tor i l y for their C, H values. 
Bisphloroacetophenov>e-2,^"dimethyl ether (LXVII); 
I t was obtiiined by th" oxidative coupling of phloroacetophenone 
dimethyl ether (LXVI) with ^e(DMF)jGl23 [ r ® ^ ^ ] * phloroacetophenon 
was prepared by the Foesch condensation of phlorop-lucinol with CH^ CN 
in presence of ZnCl2 • methylated with to give 
2,^-dimethyl other of •nh"'oroacetonhenone (LXVI). Bisphloroacetophenone 
?,if-dir"etViyT ether (LXVTT) h^d beon used throughout these studies as 
B st-'^tin'^ ma-tf^ i^nl for ou- svnthetic "'ork. 
Bi-cv-qlcore (LXVII I ) ; 
The bisTih"'oro-cetoTi p''onp-?,'+-di lethv"" ether (TXVTI) v'as condensed 
ith ar i-;n1dphydt i n^ alk-^linp medium to rive the bischalcone (LXVII I ) 
R«pctio" of bisc ' i ' ' corc "'ith 
•^e l>ischa]core wis t reat r i v,ith HpO^ an a'kaline medium under 
ice cold conditions to give a biRdihvdroflavonol(LXIX) and a bisaurone 
(LXX). The bisdihydrof1avonol was cViracterised on the basis of i t s 
NKR spectrum, while the 'JTI'R spectrum of the ^isaurone could not be 
recorded due to i t^ highly insoluble naturp in the available 
deuterated org^snic solvents. I t was characterise^ on the basis of i t s 
U. V, snectrum. 
Hexa-0-methyl-6~6"-biapigenin(LXXIV): 
'"hp fo l lowing schene \vqs qdopted for the preparation of 
hexa-O-me thyl-6-6' ' -bi^pigenin. 
^isphloroaceto ikerone Pf't-d^ meth^'l ether (LXVIT) 
Bis'-5tprC^\'XTl) '^ is-pE dike tone (LXXIIT) 
"^ he i-i nes ' * ' ( LX ' ' ' I I ) tjr^p^red by rPTctin/^ the bisphl^iroaceto-
xjhf^one ?,'f-diiiiethyT ether (LXVIl ) with s - i s o y l chlor ide. The bisester 
was herted "dth poT'derod XCII ^^d py-idine for 3 hours in order to 
obt'^in the bis-^-diketone (LXXIIT) by B.^ker-Venk'^tnranan rearrangement. 
But NKP spectrum of the compound showed that B. V, rearranf^ement had 
taken place only in one of the moieties of the bisester and the product 
had been i d en t i f i ed as monoester monodiketone(LXXV). This monoester 
morodiketone (LXXV) was cycl ised by re f lux ing in ' ' l ac ia l acet ic acid 
with fused sodium acetate to f^ive the monoester monoflavone(LXXVI). 
Ii the above reactions v/e were expectin.'^ the formation of b is-p-
diketone(LXXIII ) and the bisflavone-hexa-methyl ether (LXXIV), but we 
could obtain on''y the mono*>ster monodiketone (LXXV) and the monoester 
morofl-'vone (l.XXVl). "e ther-'-fore decided to cV'anf';e the reaction 
conditio'-'- oi-d the bisester (TXXTJ) n r subjected to ^aker-Venkatiraman 
rP'^r "npe-'ent by incre^sirK t>>p he^tinr time to four hours instead of 
hours, n-'i'- time we could obtain the expected Bis-p-diketone(LXXIII ) 
ich on eye"'i '^ntion f^typ t>'e rec^uirp'^ l i s f lavone (LXXIV). In order to 
c o n f i r m the for '^ 't ion of the bisf lsvone (LXXIV) from the above method 
we cycl ised the bischal cone (LXVI I I ) by r e f uxinf; nith 3e02 in isoaniyl 
B"'cohol to "-ive the bisflnvone (LXXIV) and i t wras found to be the same 
as obtained by cycl isat ion of the bis-B-diketone(LXXII l ) . I t i s worth 
notinf? thpt the y i e ld of the b is f la vone (LXXIV) obtained by the f i r s t 
4 
method was much bette'^ comnarpd to the s-cond method, 
Bisisof i •'vone (TXXX): 
I t v't: -od throu^:^ t^ p^ foT'owinjT route: 
Rischa^cone (LXVTTI) ^Diben?yl bischalcone (l,XXVII) 
DilPTi-yl bischalcone epoxide (LXXVIII) ^ Bisisof T avone (LXXIX). 
The bisc'a 'cone (LXVII l ) vr«5 benzylated with benzyl chloride to 
give the dibenzylbischalcone (LXXVIl), which was reactcd with H2O2 in 
an alkaline medium to jf^ iive the dibenzyl bischalcone epoxide (LXXVIII ) . 
The bisisoflavone(LXXIX) v/«?s obtained by reactinpj the diben^.ylbischalcone 
epoxide with BF^-etherate. 
( i i ) Phytochemical studies; 
A - Cherical investif;atior o^ Pedalium murex,Li'''n (N.O. Pedaliaceae) 
Pedalium murex has been attributed with many importmt 
medicinal properties in the indin-^nous system of treatment . 
I t s f ru i t s v;ere nrocured ""ocally nrd the uofdered f ru i ts were 
extT'oct^d '' iti- et'-^finol. '^e "t> a^olic concentrate on usnal wo k up 
ppvp ypllov/ c -ys t i l ' ine- com->ound which nnsvfered posit ive teats for 
fT^voroidf? "r-d "'"R idpr t i f i ed "s "^ u teol i " (LX'^'XI). 
B - C - • • i 'Vf»pti ' "tio'jv of Pon r^ amia glab'^a ypnt, 
(N . 0. I ^ runi- osae ) , 
Th'' gof-ds of Ponr-'ami-' p-lahra h?ve bpf»n reported to have man-"-
important mrdici al propertiec iicludinK thn'r ction as f ish poison 
Ti-p plpnt-- h-vinr ''ish poison rs'-onertie- hnve renernlly be^n found to 
li-vp E-inoninE , The n^nonins isolatp>d from some other riants had 
135-37 
bpp-" -f-^ uT-l by our rroup of "'ork^r.s to h-vp -rt i -ovulntory e f f e c t s 
"'e the-eforr carried out thf chetnica'' investigatioi. of these seeds. The 
defa'^ted pov/dered seeds were extracted with e t 'ano l . Hhe ethanolic 
concentrate g=3ve a crystal l ine compound which was ident i f i ed as sucrose. 
How(»ver, the presence of saponins could not be confirmed in the seeds. 
C - Chemical investigation of Leea indica f fer i l l (W.O,yitaceae) 
Leea indica is also an imDor':ant medicinal plant in the indigenous 
1^ (5 
system of treatment. The leaves v/ere collected local ly from the 
Suraj-Kund f^arden and dried under shade. The dried leaves were extracted 
with ethanol. T'he ethanolic concentrate was dividpd into tv.'o f ract ions. 
(A) Fetrol insoluble f r ctio^i nnd (B) the petrol soluble f rac t ion . 
The fi-nction (\ ) .f^ -^ ve nositive test-^ ^ for the presence of flavonoids 
and ras found to be complex mixture. A l l attempt? to ^nct ionate this 
fr,vonoidril mixturo into nur<» comnonentr; did not succe^-d ard we therefore 
did rot sur ony further i rver?t i r - t io"s . 
my^  Pr-rii-) (^ ) m-i^ied to "-ive ^ tritprpenic 'Cid in a small 
ouantity. fn th" basi'- of i t s T. nnd studies, i t v/as 
ident i f ied Ps a monohydnxy monocar'^oxyl ic ' ' ' i terpene, possibly belonging 
to the urr.fne or oleaneiip skeleton. However, due to paucity of the 
material further work to decide the position of the carboxyl n;roup 
could not be carri-d out. 
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11 "R 0 
During the last few years there has been a rev iva l of interest 
in the chemistry of f lavonoids. The term flavonoid covers a large 
group of naturally occuring compounds in which two benzene rings 
are linked by a propane bridge ( Cg-C-C-C-C^) except in Isoflavones 
in which the arrangement is C/--C-C-C. The flavonoids include, chalcones, 
^ f 
C6 
dihydro chalcones, aurones, flavanones, flavones, isof lavones, 
f lavonols, flavan-3,'+ d io l s ( leucoanthocyanidins), anthocyanidins, and 
catechine. 
Numerous physialogical a c t i v i t i e s have been attributed to 
1 
flavonoids. The potent uses of flavonoids may be l i s t ed as vitamin p 
ac t i v i t y diuretic action, treatment of a l l e rgy , protection against 
x-rays and other radiation in jur ies , cure of f r os tb i t e , ant ibacter ia l 
a c t i v i t y , prophylatic action, oestrogenic ac t i v i t y and antitumour e f f e c t ? 
The antioxidant property of a number of flavonoids has been studied, 
Robinetin and Gossypetin were claimed as the most potent and of economic 
importance in the tanning of leather, the fermentation of tea, the 3a b manufacture of cocoa and in the flavour qual i t ies of foodstuf fs . * 
The f i r s t flavoned to be isolated in the pure form was chrysin 
from poplar buds, la t ter studies on plant colouring matters led to the 
iso la t ion, structure determination and synthesis of a large number of 
f lavonoids. In these compounds, the oxidation l eve l of C^ bridge varies 
from the lowest in cetechin( l ) to thp highest in f l a v o n o l ( l l ) 
a ) 
The flavonoids are commercially used as antioxidants fo r fa ts 
k 5 and o i l s . * 
Recent addition to this class i s "Bif lavonoids". The bif lavonoids 
are derived from two flavone or flavanone or flavanone-flavone units 
end have bpen mostly isolated from Gymnosperms, Among the angiosperms, 
some plants belonging to Guttifereae^*"^, Euphorbiaceae» 
11 12 13 1'+ Caprifoliaceae , Archegoniateae « Ochnaceae and Anacardiaceae 
15 
end some ferns belonging to selaginellaceae have been found to contain 
bi f lavonoids. 
Classi f icat ion of bif lavonoids 
The bif lavonoids may be c lass i f i ed into two main groups, 
(A) C-C linked biflavonoids and 
(B) C-O-C Linked bi f lavonoids, 
A. C-C linked bif lavonoids; They have been further c lass i f i ed into 
the fol lowing series depending upon the nature and the position of 
linkage of the constituent monomeric units. 
I , Amento-flavone se r i es ; - These are derived from two apigenin units 
with /"1-3',11-8 J linkage and are represented by sixteen members with 
amentoflavone I l i a as a parent compound. 
( I l l ) 
( CHART-I ) 
«1 «2 «6 
(a ) 16—18 Amentoflavone H H H H H H 
(b) 
( c ) 
I-7-O-methyl ^^^gl 
(Sequoiaflavone) 
21-22 
I-if 1 -o-me thyl(Bilobe tin ) 
CH^  
H 
H 
H 
H 
H 
H 
H 
H 
CHj 
H 
H 
(d) II-7-O-methyl^^*^^ H CHj H H H H 
( e ) II-4t-o-methy1- 25 
(Podocarpusfl8vone-A) H H H H H CH3 
( f ) •,I-7-di-O-methyl 20,21,26 
(Ginkgetin) CHj H H H CHj H 
( g ) I-if •, Il-if»-di-O-me thyl 
(Isoginkgetin)^®'^^'^^ H H H H CH^ CH^  
(h) I I -^M-7-di- .0-methyl 25 
(Podocarpusflavone-B) CH^  H H H H CH^  
( i ) H CHj H H CH^  H 
U) 1-7, II-7-di-O-ine thyl^^ CH^  CH^  H H H H 
(k) II-'v •, 1-7,11-7, tri-O-me thyl 
(Heveaflavone)^^*^^ CH^  CHj H H H CH^  
(1) •, I I - 4 M 1-7, tr i -O-
me thyl (Kayaflavone H CHj H H CH3 CHj 
(m) 
raethyl(Sciadopitysin) CH^ H H H CHj CH^  
(n) 
28 
1-4t,1-7,II-7-tri-O-raethyl CHj OH J H H CHj H 
(0) ,1-7,11-7-tetra-
O-niethyl^''"^' CHj CHj H H CH^  CHj 
(P) I - l f « , I l - 4 •,1-5,11-5,1-7, 
II-1-hexa-o-methyl^^ CHj CH^  CH^ CHj CHj CHj 
(2) 1-2,3-Dihydroanientoflavone s e r i e s ^ ^ ; ~ 
These are derived from naringenin and apigenin units with 
linkage, and are represented by three members, with 
2,3-dihydroamentoflavone ( IVa) as the parent compound and i t s two 
part ia l methyl ethers (chart I I ) 
civ; 
7 \\ -ORe 
Chart I I 
R- R. R- Ri R, R. 
(a ) I-2,5-Dihydroamento- H 
flavone^^*^^ 
35-37 
(b) I I - i fMI-y-d i -O-methy l H 
( c ) I - ' ^MI - ' + . I - y - t r i -O -
methyl 37 
CH, 
H 
H 
H 
CEj H 
H 
H 
H 
H 
H 
H 
CH. 
H 
CH. 
CH. 
The biflavanones (b) and ( c ) have also been characterized as their 
mpthyl ethers/ corresponding chalcone methyl ethers. 
5 
Suggested structures are 0-methyl derivatives of I ! l -3* » I I -8 l 
binaringenin(V) for the former and f l - 3 S I l - S j b i l i qu i r i t i g en in (V I ) 
for the l a t t e r . 
\VoH 
H 
0 H 
HO 
m ) 
18 
3. Tetrahydro amentoflavone series : 
Three new closeDy related biflavones A,B and C have 
bpen recpntly isolated from defatted nuts of Semicarpus anacardiumJ 
The f i r s t of thene hPs been characterized as i t s raethyl ethers A 
pnd Ap (Chart I I I ) . 
( . V I I ) 
(CHART-III) 
OCH, 
(Al )= T -7 , I -^MI-^ ' - t r i -0 -methy l 
1-5,IT-5»IT-3'-trihydroxy 
biflavanone 
R 
H 
i\2)= • ,iT-3«-tetra-0-mpthyl 
I-5,II-5-dihydroyy / 1 -5MT-S J^biflavanone 
Me 
7 
Cupreesuflavone ee r i es ; -
These are derived from two apigenin units with( l -8, I I~83 
linkage and are represented by seven members, Cupressuflavone 
'58 
( V i l l a ) i s the parent compound while other six are i t s par t ia l 
methyl ethers. (Chart IV) OR. 
7 V 
C v i i i ) 
(CHART IV) 
( a ) Cupressuflavone-^ 
(b ) 
( c ) I-7,II-7-di-0-methyl^* '*° 
(d ) I - l^M-yCor I I - i ^M-y^ -d i -
0-methyl^® 
( e ) I - ' fS I -7 , I I -7- t r i -0-methy l^^ 
( f ) I - ' f * , I I -4 * , l - . 7 » I I -7 - t e t ra -
O-methyl'^^ 
( g ) I - l f M I - ^ M - 5 , I - 7 » I I - 7 
kz penta-O-methyl 
H 
CH, 
CH, 
CH, 
CH, 
CH, 
CH, 
-ORc 
9c 
H 
H 
CH, 
H 
CH, 
CH, 
CH, 
H 
H 
H 
H 
H 
CH, 
Hi 
H 
H 
H 
H 
H 
H 
R. 
H 
H 
H 
H 
H 
H 
H H/CHj CH /^H 
CH^  H 
CH^  CH^  
CH^  CHj 
•Synthetic 
n 
The structure of Il- ' f '-di-O-methyl cupressuflavone, isolated 
from Araucaria cunninghamil and A, Cookii^^ has been revised to 
1-7» II-7-di-O-inethyl cupressuflavone^^. 
5« Agathisflavone ser ies ; -
These are derived from two apigenin units with j [ l - 6 , I I - 8 J 
linkage, and are represented by f i v e members with agathisflavone(Ixa) 
as a parent compound (Chart-V) 
(a ) Agathieflavone^^*'^® H H n H H H 
(b) CHj H H H H H 
( c ) 1-7•II-7-di-O-methy CH^  CHj R H H H 
(d) CHj H H H H CH 
( e ) II- '^*, I - 7 , I I - 7 , - t r i - 0 -
methyl^® 
CHj CHj H H H CH 
21 
kk (6) MeeuaferronewA 
Subramanyam et al7"^ have recently isolated Mesuaferrone-A 
from the stamens of Mesuaferra. This i s derived from two naringenin 
M 
units with Cl-8, 11-83 linkage. 
HO 0 
( X ) 
(7 ) Mesuaferrone-B 
kh 
M Mesuaferrone-B was found to be derived from a naringenin 
and an apigenin unit through Cl-8, II-8D linkage. 
HO 0 
( X O 
10 
(8 ) Robustoflavone series 
This class has been represented by robustaflavone(XII) the 
parent compound and i t s mono and di-methyl ethers These are 
derived from two apigenin units with / • l - 3 * , I I - 6 ^ linkage. 
U I I ) 
(9 ) BGH ser i es ; -
These are derived from a naringenin and an apigenin or 
luteol in unit with linkage and are represented by 
( X l l l a ) and BGH-III ( X l l l b ) as the parent compounds respectively 
(Chart-VI). 
11 
(CHART- VI ) 
( a ) BGH-II&orellof lavone/ 
OH H H H H H H 
(b ) II-3*-0-methyl'*^ OCH^  H H H H H H 
*ic) I - ^ S I I - ' f M - ? , 1-7,11-7, 
penta-0-methyl-II-3*-methoxy ® ^^3 ^ 3 
• ( d ) I - ^ M I - ' t M I - 5 , I - 7 » I I - 7 -
penta-O-methyl-II-3- OCH^  CH^  CH^  H CH^  CH^ CH^ 
methoxy 
• ( e ) I - ' » M I - ' f M - 7 , I I - 7 - t e t r a -
« , ^^ OCH, CH, CH, H H CH, CH, 
• ( f ) I I -4•,1-7,I I-7-tr i-O-me thyl-
II-3'-methoxy^'^ OCH^  CH^  CHj H H H CH^  
( g ) BGH-IIl(Talbotanavoney 
volken8if lavo„ef '50»51,52 H H H H H H H 
• Synthetic 
(10) WGH aeries^ 
Two new bif lavones, WGH-II and WGH I I I ^ have been synthesiaed 
by dehydrogenation of BGH-II and BGH-III re8pect ively( CHART V I I ) 
12 
R 
OH 
( X I V ) 
(CHART-VII) 
( a ) I l - 3 » , I - ' f M I - ' t M - ? , 1 1 - 5 , 1 - 7 , 
II-7-heptahydroxy 0-3,11-85 
bif lavone (WGH-II or Saharanflavone)^ 
(b ) 1-4',11-4•.1-5,11-5,1-7,11-7 
hftxahydroxy / ' l - 3 , I I - ^ bif lavone 
(WGH-III)^ 
(11) GB eeriee?^^^^^ 
This series comparises of reduced heterocycl ic systems. 
Five members are reported to occur in nature(Chart-VIII ) . They are 
derived from naringenin linked with a naringenin or aromodendrin 
or tax i f o l in or er iod ic tyo l through 1-3,11-8,7 linkage. 
H 
u 
(CHART- V I I I ) 
«2 R 
( a ) GB-1 OH H H 
( b ) GB-1a H H H 
( c ) GB-.2 OH OH H 
( d ) GB-2a H OH H 
( e ) I I - l f t .o-methyl GB-2 (Kolaf lavone) OH OH Me 
(12) M M - 5 , I I -5 «1 -7 , II~7-Hexahydroxy/' 1-3«11-3/ b i f lavone^^; 
This ser ies comparlsing of only one member has been synthesized 
57 by oxidat ive coupling of apigenin . 
C X V l ) 
14 
(13) . Taiwaniaflavone ser i ee ; 
A new ser ies of naturally occuring bi f lavones have been 
58 
isolated from Taiwania cryptomerioides as the parent and i t s 
mono and dimethyl ethers (Chart IX ) . These are derived from two 
apipenin units with I I - 3 J* l inkage. 
fl 1 
C x v n ; 
( CHART- IX ) 
«3 
( a ) Taiwania flavone^® H H H H H H 
(b ) I-7/lI-7-0-ine thyl^® E/CHj CHjA H H H H 
( c ) I l - ' f •, 1-7/, I I -7 -d i -O-
methyl^® 
H/CHj CH /^H H H H CHj 
15 
( l i t ) . Rhusflavone^^! 
This i s derived from nsringenin and apigenin units linked 
through C I -6 , I I - 8J . 
-OH 
OH 
60 (15) , Rhusflavanone : 
The Rhusflavanone has been isolated from the seed kernel 
of Rhuflsnccedanea. This i s derived from two naringenin units with 
Z" 1-6,11-8 7 linkage. 
HO . 
( X I X ) 
IC 
61 (16), Succedaneaflavanone; 
This i s derived from two naringenin units with 
/ " I - e , I I-6_7 linkage 
H 
C X X ) 
(17) . 11"^' «I-^,II-5,II-7-Pentahydroxy,I«7'-0-methyl, 
I~6~C-methyl f l - ^ * ^ I I «8 J biflavone^^; 
This i s derived from 6-C-methyl ginkwanin and apigenin 
with / I - 3 ' , II-8_7 linkage^^. 
HO 0 
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(18 ) . « ,11-311-7tI I~7-Pentahydroxyf lavanoneZ"I-? t l l -S J 
chromone^^! 
The compound has recently been isolated from the leaves 
of Garcinia Garcinia dulcls kurz. I t i s a dlmer of naringenin and 
5,7-dihydroxy chromone linked through I I - I t s iso lat ion 
has introduced a new series comprising of flavanone chromone structure, 
C X X I I ) HO 0 
B. C-O-C Linked Biflavonoids 
(1 ) Hinoklflavone ser ies ; 
These are derived from two apigenin units with I- '+ ' -O-II-S J 
linkage, Hinoklflavone (XXII Ia) i s the parent compound with six others 
as i t s partial methyl ethers (Ch«rt-X). Ear l ier hinoklflavone and I t s 
derivatives were assigned ^ I - 4 » - 0 - I I - 8 J^^ linkage (XXIV) which had 
l e t t e r been revised to £ i-tf '-0-11-6755,57,58,63,64 ( x x m a ) . 
•OR. 
( X X I l l ) 
Synthetic 
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( CHART- X ) 
( a ) Hinokiflavone^^*^^*^'' 
«2 
H H 
R. 
H H 
(b ) I-7-O-inethyl-
25 (Heoeryptomerln) CH, H H H H 
( c ) I I -7-0- -methyl 
57t58 
( I so cry p torn e r in ) H CHj H H 
(d ) Il-if '-O-methyl 
( Cryptomerin-A) 63 H H H CH. 
( e ) W. I I - ' ^ ' -d i -O-methy i 63 CH^  H H H CH, 
( f ) I -7,I I-7-di-C-methyl 
25 (Chamaecyparin) CHj CH^  H H H 
• ( g ) ,II-7,di-0-inethyl 
(Cryptomerin-B H CH^  H H CH, 
• ( h ) I - 7 , I I - 7 , I I - ^ » - t r i - 0 -
methyl^^ CHj CH^  H H CH, 
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iphe 0- I I -8_7 linked hinokiflavone pentamethyl ether(XXIVa) 
55 has also been synthesized . 
X X I V 
( a ) Hinokiflavone Z " 7 H 
(b) Hinokiflavone penta methyl 
ether 
CH, 
H 
CH, 
"3 
H 
CH, 
H 
CH, 
H 
CH, 
(2 ) I-2,3-dihydrohinokiflavone series; 
The 6ol«> mfiraber(XXV) of this series has been isolated from 
Metfseauioia f^lyptosroboidies and Cycns speciee^"^*^^. 
OH 0 
X X V 
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Ochnaflavone series: 
Ochnaflavone (XXVIa) i s the parent compound with three 
others as i t s part ial methyl ethers( Chart X I ) . They are derived 
from two apigenin units with C l i n k a g e . 
OR3 0 
( X X V I ) 
( CHART-XI ) 
(a ) 15 Ochnaflavone H H H H H 
(b) H H H H CH 
( c ) 
1S 66 
,I-7-di-0-methyl CHj H H H CH 
• ( d ) I -^ M - 7 , II-7-tri-O-me thy CH ^ CRj H H CH 
• Synthetic 
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Biflavonoid Glycosides; 
M.Konoshima et have isolated fukugiside(XXVIIa) from 
Garcinia spicata and xanthochymusside (XXVIII) fron Garcinia 
xanthochymuB. 
(a ) Fukugiside 
(b ) Spicataside 
e OH; Re p-D-gluc, 
H^  «s H ; R= jp-D-gluc. 
C X X V I l l ) 
Xanthochymusside Rts p-D-gluc. 
22 
68 11-87- Binaringenin-II-7-O-p-glucoside : 
A new biflavanone glucoside has recently been isolated from 
68 Garcinia multi f lora , 
Rc Glucosyl 
23 
Optical Act iv i ty in Biflavonoide 
opt ica l ac t i v i t y in biphenyls is due to the restr icted 
rotation of the biphenyl system with su f f i c i en t l y large ortho 
substituents. This phenomenon i s known as "atropisomerism"* Turner 
and Le-Fevre^^, Bell and Kenyon^^^ in their studies of opt ical 
a c t i v i t y in biphenyl suggested that the e f f e c t i v e size of ortho 
substituents conditions the occurrence of opt ical a c t i v i t y . I f the ortho 
substituents are su f f i c i en t l y large, they inter fere with one another 
in co|)i&ner posit ion, e i ther by mechanical or repulsive action of their 
fi^-lds of forces. Only in the noncoplaner positions there i s room enou^ 
for P11 of them. The two benzene rings are thus in coaxial non-coplaner 
configuration. Complete rotation i s therefore, prevented and opt ical 
rotation becomes possible. 
The bif lavonoids also incorporate a biphenyl system in which 
at least three out of four ortho positions are substituted. The opt ica l 
ac t i v i t y in biphenyl type bif lavonoids i s , therefore, attributed to the 
phenomenon of atropisomerism. However in fukugetin and the members 
belonging to GB series the opt ical a c t i v i t y may e i ther be due to the 
asymmetric centre (Cj ) alone or to both the asymmetric centre and res-
t r ic ted rotation, 
A large number of naturally occurring opt ica l ly active 
bif lavonoids have been reported. The deta i ls are given in Table-1, 
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TABLE- I 
OPTICALLY ACTIVE BIFLAVONOIDS 
Bif lavanoids 
D (Pyr id ine ) 
1, Amentoflavone 
2, Amentoflavone 
5, Cupreeeuflavone 
1-7,11-7-Di-O-inethyl 
cupressuflevone 
5. " " 
6. 1-4 M l - i f « , 1-7,11-7-Tetra-
0-methyl Cupreesuflavone 
7. I - ' t M I - ' f M - 7 , n - 7 - T e t r a -
0-methyl amentoflavone 
8. Kayaflavone 
9» Fukugetin 
10, Podocarptisflavone-A 
11. I I -4M-7-D i -0 -methy l 
agathief lavone 
12, I-7-O-methyl agathief lavone 
13. I -7, I I -7-Di-0-methyl 
agathief lavone 
I'j-, Xanthochymueeide 
15. I I -7 -0 - « e thy l 
ementoflevone 
16. I -4MI -7 -D i -0 -methy l 
amentoflavone 
+ 9" 
+100^ 
. 63® 
+37.5 
+ 17" 
- 5 5 ° 
-12.5 
- ifO® 
+18.2 
+22.7 
Source 
70 PodocarpuB graci l l ior 
17 Thuja orientalie 
ifif,59-6l 
CupressuB eempervirens 
Araucaria cook i l 32 
A. cunninghamii 
A. cookii^^ 
66 
•I It 
H 
Qarcinia apicata ^ 7 
Podocarpue g rac i l i o r 
Agathis palmerstoni^^ 
70 
Araucaria b i dw i l l i 33 
Garcinla xanthochyaus 67 
Araucaria cunninghamii 66 
" » o o O O 
Is kO<f b= 3^ , C= 29 , d= 25 and e « 20 
structure determination of Biflavonoida 
The problem of structure determination o f bif lavonoids i s a 
complex one because of (a ) occurrence of more than one biflavonoid 
in chromstographically homogeneous fract ions with the consequent 
d i f f i c u l t y i s their isolat ion in pure form, (b ) insolubi l i ty in 
usual organic solvents, ( c ) the d i f f i c u l t y in exact location of 
0-methyl in par t ia l l y methylated derivat ives of bif lavones and (d ) the 
intr icate problem of establishing the inter flavonoid l inkage. 
There are various methods generally used for structure determina-
tion such as colour reaction, degradation^^*^^*^^, physical methods 
and synthesis. The physical methods and synthesis are of key importance 
for complete structure elucidation of bi f lavonoids. 
Physical methods 
The physical methods generally employed in the ident i f i cat ion 
and structural analysis of plant pigments are chromatography^^"^^*^^*^^, 
and mass spectrometry. Among them the nuclear 
megnetic resonance spectroscopy and mass spectrometry are most sophist i-
cated dependable tools for the structure determination of f lavonoids. 
Nuclear Magnetic Resonance(NMR) Spectroscopy 
Thr Pnplication of NMR spectroscopy has proved to be the most 
porerftil tool in the structure determination of f lavonoids. By the use 
of NMR studies of s i l y l derivatives®^, double irradiat ion technique^®* 
2C 
•zOv go Oh 
solvent induced sh i f t studies"; * * lanthanide induced s h i f t 
85 86 6tudie8(LIS), nuclear overhauser e f f e c t ( n . o . e . ) and C-NMR 
87 
spectroscopy^ one can come to the structure of flavonoid occuring 
even in minor nuantities without tedious end the time consuming 
chemical degradation and synthesis. 
The valuable contributions in this f i e l d have been made by 
Batterham and Highet?® Mabry^®*®^ Massicot?® Clark-Lewis?'' 
Kawano^^*®^ and Pelter and Rahmanl^*^^*^^ 
The most commonly occurring hydroxylation pattern in natural 
flavonoid i s 'fS5,7-trihydroxy(XXX) system. The chemical sh i f t s of the 
protons of ring A and B prove to be independent of each other but are 
a f fec ted by the nature of ring C. 
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Ring A 
The two A-ring protons of flavonoide with the 5»7-hydroxylation 
pattern f?ive r ise to two doubletB(J=2»5 Hz) between from 
tetram^^thyl s i lsne. There are, however, small but predictable 
vprietions in the chemical sh i f t s of the C-6 and C-8 proton signals 
depending on the 5- and 7-subBtituents. In flavanones the 6,8 protons 
give a signal peak near T^,05, ^ith the addition of a 3-hydroxy 
group ( f lavanonols) the chemical sh i f t s of these protons are s l i gh t l y 
altered and the pattern changes to a very strongly coupled pair of 
doublets. The presence of double bond in ring C of flavones and 
f lavonols causes a marked downfield sh i f t of these peaks, again 
producing the two doublet pattern. Out of 6- and 8 protons, the l a t t e r 
appears downfield. 
Ring B 
A l l B-ring protons appear aroundT2.3-3.3 « region separate from 
the usual A-ring protons. The signals from the aromatic protons of an 
unsubstituted B-ring in a flavanone appear as a broad peak centred at 
aboutT2,55. In f lavones, the presence of C-ring double bond causes a 
sh i f t of the 2*, 6» protons and the spectrum shows two broad peaks one 
QQ 
centred P t r 2.00(?» ,6* ) and the other a tT2 . ' f . 
With the introduction of a if*-hydroxyl group the B-ring protons 
appear a f f e c t i v e l y as a four peak pattern, this is cal led A2B2 pattern, 
Introduction of one more substituent to ring B gives the normal ABC 
pattern. The hydroxyl group increases the shielding on the adjacent 
2P, 
3',5'protons pnd their Tje^ks movp substsntially upf ie ld . The 2 ' ,6 
T»rotons of fl^vrnones pive signals centred at about ^ 2,65» 
Rinp C 
Considerable vPriPtions are generPlly found for the chemical 
sh i f t s of the C-rinp -orotons amonp; the several f lavonoid classes.For 
example, the C-3 proton in f lavon«s gives a sharp s inglet near T J , ? . 
The C-2 proton of isoflavones is normally observed at about^2,3• while 
the proton in flavanones is sp l i t by C-3 protons into a doublet of 
doublet 5Hz, j . =l lHz) and occurs near T i t .8 . The two C-3 C1.S 
protons occur as two quartets (J^ nearT2.3 . However, they 
often appear as two doublets since two signals of each quartet are of 
low intensity. The C-2 proton in dihydroflavonols appears near75.1 as 
a doublet ( j = l l F z ) coupled to the C-3 proton which comes at about 
as doublets. 
Tn the structure elucidation of b i f levonoids, certain useful informa-
tion CPr be obtained hy compP-^ iRon of their NFT? spectra with those of 
thpir corresTjondinr monomer-;. Such n choice, T^owever, is compelling 
but by ro mpn*"?; infn l i b"" e. Com-oPrison of the NMR spectra of methyl and 
pcety'' derivatives of a bif lPvonoid with those of bif lpvanoids of the 
sppp series pr ".-ell with those of bif lavonoids of other series in which 
at least one monoflpvoroid unit is similnrly constituted, is very helpful 
is assiprninpr each Pnd individual proton pnd the position of the methoxy 
groups. The problem of interf lavonoid linkage has been successfully solved 
by solvent induced sh i f t studies of mef-oxy r e s o n a n c e s ^ ^ a n d 
lanthanide induced sh i f t studies. 
In biphenyl type bif lavones such as amentoflavone, cupressu-
flavone, agathieflavone e t c . , the peaks of ring protons involved 
in interf lavanoid linkage appear at somewhat lowerf ie ld ( ^ 0 , 5 ppm) 
as compared with the peaks of the same protons in monomer due to 
extended conjugation. 
I t has been observed both in biphenyl as well as in biphenyl 
ether type bif lavonoids that the 5-OMe group of a 8-linked monoflavonoid 
unit in s bif lsvonoid shows up below t6 .00 in deuterochloroform in a l l 
the cppes examined so far ( Tsb l e - I I ) . This observation may be explained 
on thp basis of ext»»nded conjugation. 5-Methoxyl group of an 8-linked 
monoflavonoid unit in bif lavonoids of BGH-series, WGH-series and 
GB-series does not show up belowt6.00 as the linkage i s through hetero-
cycl ic r ing. 
TABLE-II 
Methoxy proton sh i f t s ( T va lues ) of fu l l y methylated bif lavonoids 
Biflavon#id I-5-OMe II-5-OMe 
Cupressuflavone /T 1-8,11-8 J ^•.85 5.85 
Amentoflavone 1-3•,11-8_7 6.13 5.9'f 
Agathisflavone I I -8_7 6.M 5.95 
•Hinokiflavone £ I - ' » » -0- I I -8_7 6.00 5.92 
2,3-Dihydroamentoflevone/f-5'• 11-87 - 5.95 
• Synthetic 
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Solvent Induced Shif t Studies 
92 
Williams and co-workers^ have observed that methoxy groups at 
C-5, C-7 and C-'^ * exhibit large posit ive a values SCDCI^-
iCgDg 0.5-0,8 ppn) in thf> absence of methoxyl or hydroxy substi-
tuents ortho to thpse groups. This means that the aforesaid methoxy 
signals move upfield in benzpne re lat ive to deuterochloroform. The 
observation i s consistent with the formal ab i l i t y of a l l these methoxy 
groups to conjugate r i th the electron withdrawing carbonyl group. This 
conjugation can lead to a decrease in TT -electron density at oxygen 
atoms of methoxy groups in question, and so enhance an association with 
benzene at these electron def ic ient s i tes with a resultant increased 
shielding e f f e c t . The C-3 methoxy resonances are in contrast deshielded 
or only s l i ght ly shielded ( A«-0,07 to +0,3'f) in benzene, suggesting 
that the C-3 methoxy group in general prefers conformation indicated 
in (XXXI). Similarly a 5-methoxy group in presence of 6-substituent shows 
small posit ive or negative solvent sh i f t in benzene, because a S-substi-
tuent lead to a higher population of conformer (XXXII). 
C X X X I I ) 
SI 
In these conformations the protons of the methoxy group in 
question l i e in close proximity to the negative and of the carboxyl 
dipole which i s a region of strong deshielding due to benzene 
association at the carbonyl group. The methoxy groups lacking one 
ortho hydrogen also shows small posi t ive or negative A values 
(Ab+O^IJ to -0.12 ppm). 
The reason f o r the small posi t ive or negative s h i f t i s probably 
due to some combination of (1 ) s te r i c inhibit ion of benzene solvation 
of central methoxy group, (2 ) reduction in solvation of central methoxy 
group ( r e l a t i v e to aniso le ) due to the presence of two ortho electron 
donating substituents^^"^^ and (3 ) solvation of the outer methoxy 
groups, the stereochemistry of benzene association being such as to 
place the central methoxy group in a region of deshielding. I t i s 
emwhnsised that th*^  e ter ic factors cannot be the major inf luence, since 
en electron withdrawing^ substituent ortho to methoxy junction increases 
92 thp UDfiefd s h i f t Fhich i s observed in benzane. 
In amentoflavone, cupressuflavone and hinokiflavone I~4» -0- I I «8 V 
methyl ethers, a l l the methoxy groups move upf ie ld (^50-60 ops) on change 
of solvent from CDCl^  to CgH^ showing that every methoxy group has at 
least one ortho proton, therefore, a C-8 rather than C-6 linkage i s 
i n d i c a t e d ? ^ I n agathisflavone hexamethyl ether, only f i v e of 
the six methoxy groups showed large upf ie ld s h i f t s . One methoxy group 
was uninue, upto dilution with benzene no sh i f t was seen and then a 
strong downfield sh i f t was evidenced. I t was reasonable to assume that 
3? 
the methoxy group in question was the one at C-5 flanked by 
ring I I -A on one side and a carbonyl group on the other^^^. 
Similarly in case of hinokiflavone /" I-'f » -0 - I I -6 only four methoxy 
groups moved upfieldf''^ 
The benzene induced solvent sh i f t s ^ ( <5 CDCl^/ CgHg) are 
appreciably enhanced by the addition of small quantity ( V/V) of 
t r i f luoroacet ic acid(TFA) to the solution of the compound in benzene. 
Apparently protonation of certain groups enhances benzene association 
at these s i t e s . This technirue helps to distinguish between methoxy 
groups which can conjuppte with the carbony"" group (XXXIII) and those 
which cannot conjugate (XXXIV) in thp ground state . 
r\ 4. -Me - 0 - C = C - C 4: 0 ^ M e - 0 = C - C = C - 0 
(^XXXI I I ) 
M e - O - C - C a O 
U X X I V ) 
Thus the basicity of the methoxy groups not condugated(XXXIV) 
with carbonyl group is greater than those which are conjugated(XXXIII) 
and BO the former w i l l be expected to give more posit ive values of the 
TFA addition sh i f t s (^CgHg/CgHg- TFA). The TPA induced solvent sh i f t 
(ACDCIj/TFA) of a 5-methoxy group has a r e la t i ve l y large negative 
value ( -0.36 to ~0,kh ppm), which distinguishes i t from other methoxy 
groups. A possible explanation i s the formation of hydrogen bond between 
s s 
the protonated carbonyl group and the oxygen atom of 5-Bethoxy 
group (XXXV). The carbonyl group w i l l be protonated to a much 
larger extent in TPA re la t i ve to a solution in benzene containing 
only 3% TFA^f 
C X X X V ; 
Limitations of the solvent induced sh i f t etudiee 
The method of methoxy proton sh i f t s , although very useful 
in structure determination, may lead to erroneous assignments i f not 
97 
used with caution. ' The fol lowing cr i t e r ia have been laid down for 
an appropriate use of the method. 
1. The technique should not be used d irect ly fo r compounds 
containing phenolic groups. 
2. Even acetylation of the phenolic function does not completely 
overcome thp d i f f i c u l t y . 
3. Only the fu l l y methylated compounds are safest to use but even 
then th« results may be misleading, i f solvation of a separate 
97 s i t e close to the methoxy groups, being examined, occurs. 
In WGH aeries, 11-3* methoxy group of WQH-II methyl ether appears 
nt fln pxce^tion«l ly high position ( T 6 . 5 6 ) in CDClj. This i s 
suggestive of i t s being ent ire ly internal ly solvated. A model of 
o ^ 
thif? bif lavone shows that there are in fact certain positions 
in which thf t particular methoxy Rroup can be aolvated by a 
benzene ring of the other f lavonoid unit» thus rendering i t unique 
in being resistant to external solvation. On change of solvent 
from CDCl^  to CgHg a l l the methoxy groups are expected to move 
upfield by more than 30 cps as each methoxy group has an ortho proton. 
The methoxy group in question ( atT"6,56), however, moves very l i t t l e . 
Lanthanide induced sh i f t studies 
Diiring the last few years lanthanide sh i f t reagents(LSR) have been 
extensively used for the structural and conformational studies of 
organic natural p r o d u c t s ^ ? " T h e introduction of these reagents has 
greatly enhanced the power and ve rsa t i l i t y of NMR spectroscopy. The 
addition of certain lanthanide complexes sh i f t reagents to an NMR 
solution of a compound which possesses an appropriate lone pair of 
101 
electron causes the proton resonances to become" spread out", o f ten 
into a f i r s t order pattern, making possible safe assignment of formally 
non-equivslent, but usually coincident resonances and enabling deccup-
l inp experiffl'-nte to be carried out. 
The lanthanide induced sh i f t s (LIS or^-v);) are due primarily to 
102 
pseudocontact interaction , resulting from the association of 
lanthanide complex and lone pair functionality of the substrate, and 
for any particular molecule at a given temperature are inversely 
proportional to the cube of the internuclear distance ( r^ ) between 
the lanthanide metal ion and the proton under considerationCeqn.-l)^®^*^^^ 
^ ^ ^ = V ^ i ( 1 ) 
C 
Equation (1) shows that the principal factor influencing the 
sh i f t of a particular resonance in NMH spectrum, i s the distance, 
e i ther bondvise or spat ia l ly separating the metal ion from the proton 
which i s responsible for that peak. Thus the closer the proton to the 
metsl ion in the sh i f t reagent substrate complex, the greater the s h i f t 
observed, 
A more complete foim of the equation( l ) i s eqn, (2 ) where9is the 
angle describing the position of the proton re la t i ve to the principal 
megnetic axis of the lanthanide substrate complex r^ i s the Eu-inter-
nuclear distance, A-^t i s the pseudocontact sh i f t f o r the ith proton 
and K i s a constant. The angle term ( 3 COS^ q -1 ) i s posit ive fo r 0 
values from o-S't® and from 126-180° and posit ive ( s h i f t to 
l ower f i e ld ) i s observed; however, when has a value from 55° to 125°, the 
angle term and become negative ( i . e . d i i f t s to higher f i e l d are 
observed). 
K( 3C0S^9-1 ) ( 2 ) 
The most commonly used complexes are tris(dipivalo-methanato) 
105 
europium(l l l ) . Eu (DPM)^ and t r i s (dipivalamethnato) praseodymium(III), 
'1o6 
Pr (DPM)j where HDPM represents dipivalomethane which i s 2,2,6,6-tetra-
methyl heptan-3,5-dione. Th^ two are complementary in that Eu(DPM)j 
sh i f t s proton resonances to lowerf ie ld while Pr(DPM)^ sh i f t s resonances 
to higher f i e l d . Eu(DPM)j, however, is generally most useful because the 
t-butyl resonance of the complex appears above TMS and thus does not 
in te r f e re . The t-butyl resonance of Pr(DPM)j in the presence of 
substrates, occurs in the 5-5 S range and can mask resonances of 
interest in some cases. I t i s especial ly useful for the observation 
of methyl groups in steroids^^^. 
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Rondeau and Sievers have reported that europium and praseodymium 
complexes of 1,1,1, 2,2,3,3-heptafluoro-7, 7-dimethyl-^,6-octanedione 
( f od ) are superior sh i f t reagents for weak Lewis bases such as ether 
and esters because of their greater so lub i l i t y and inherent greater 
ease in handling. 
The magnitude of induced sh i f t for a proton i s usually expressed in 
terms of " 5-value" proposed by Cockeril l and Rackham^^® as the slope 
of straight l ine obtained by plott ing the sh i f t value ( ) against 
the molar ra t io of Eu(DPM)j to a substrate. Usually spectra are determined 
at 8-10 d i f f e rent molar ratios to obtain each slope. The larger the 
^ values, thp greater the particular proton is shifted downfield by the lOg 
sh i f t reagent. I t is suggested ^ that the sh i f t reagent exhibits i t s 
e f f e c t by estab"'ishment of a. rapid (on the NMR time scale ) equilibrium 
between a lab i l e complex of Eu(DPM)j with a Lewis base and unassociated 
solutes. This lab i l e complex contributes very s ign i f i cant ly to the 
observed sh i f t through at least two mechanisms, through bond or through 
space. The foraer is important when only two or three bonds separate 
hydrogen and auropium. The la t t e r e f f e c t becomes dominant when four or 
more bonds are involved i f close approach of europium and hydrogen is 
l i k e l y . In the case of polyfunctional molecules, the observed paramagne-
t i c sh i f t s are sums of contributions due to magnetic interaction form 
1 
metal association at each s i t e . 
85 Kawano et a l « have reported paramagnetic induced sh i f t studies 
in the NMR spectra of flavones and biflavones using Eu(fod)^. These 
studies provide an excellent method to distinguish between a proton 
attached to either C-6 or C-8 of a flavone nucleus because H-6 shows 
such larger shi f ts than H-8. 
The result on four monoflavonoid methyl ethers, namely apigenin 
trimethyl ether(XXXVI), 6-methoxy apigenin trimethyl ether(XXXVII), 
quercetin pentamethyl ether(XXXVIII) and myricetin hexamethyl ether 
(XXXIX) are recorded in Table I I I . I t follows that (a ) methoxy group 
at C-5 position shows the largest sh i f t ( 1 2 . 1 8 . 8 8 ppm) meaning 
that complexation occurs mostly at neighbouring carbonyl group, 
(b) H-6 shows considerable sh i f t ( 5.7^7.16 ppm) when compared with 
that of H-8 ( 1.12 ^ 1,56 ppm), ( c ) H or OCHj attached to side phenyl 
groups show the least sh i f ts and (d ) H-3 ( 0.08 ppm) and 
OCH -^3 (0.08, 0.92 ppm) show rather small sh i f t s in comparison with those 
of OCH -^6 (5.16 ppm) an4 OCHj-7 ( 1 .02^1 .28 ppm) whose positions are 
at a distance from carbonyl group. I t i s noteworthy that the H-3 of 
compound(XXXIX) shows an upfield sh i f t ( -1.5^ Ppm). 
Cxxxvi ; 
Cxxxvi ) R 
( XXXVIl 18 
OCH. 
H 
OCH, 
OCH, 
OCH. 
C X X X V I I ) 
C X X X V I I O r « H 
( X X X I X ) R * OCH, 
r> n 
TABLE- I I I 
- Values of flavone compounds by Eu( fod ) j 
Positions Compounds 
(XXXVI) (XXXVII) (XXXVIII) (XXXIX) 
3 0.08 (0.80) (0.92) 
5 (13. (12.3^^) d ' f . o ' f ) (18.88) 
6 6.32 (5.16) 5.70 7.16 
7 (1.12) (1.02) (1.28) d . l i f ) 
8 1.56 1.18 1.12 1.30 
2% 6» 0 -0.50 0.if6 0.46 
3 ' . 5 ' - 0.02 -0.26 0.1^f,(0.12) (0.12) 
U' (0 ) ( -0.18) (d.ok) (0.32) 
• Assignment i s tentat ive, parentheses show methoxy proton sh i f t s . 
Spectra were taken in CDCL^  solution using internal TMS, 
S i * fu l l y methylated bif lavones, namely, hexa-O-methyl 
cupressuflavone(VIIIh), hexa-O-me thyl a ga this flavone ( I X f ) , hesca-O-
methyl amentoflavone ( I I I p ) , penta-O-methyl h inoki f lavone(XXI I I i ) , 
penta-O-methyl I -4 » -0- I I -8_7 biapegenin(XXIVb)®^ and penta-O-methyl 
ochnaflavone (XXVIe)^^ have been studied, using Eu(fod) j ( Table-IV )• 
r 
IL-
OCH3 H3 OCH. 
C l X f ) 
H3CO O H OCHg 
H3C0 o 
cnip; 
OCH; 
H3C0 O 
H3C0 O 
C X X I l l i ) 
40 
V - o 
H3C0 0 
H3C1 7 -OCH, 
H3CO o 
Cxxiv b) 
H3CO 0 
0 / / 0 H, 
; X X V I e ) b OCH3 
TABLE- IV 
^ - Values of fu l l y methylated bif lavones by Eu(fod)^ 
Protons Compounds 
(V l l l h ) ( i x f ) ( I l l p ) (XXXII I i ) (XXIVb) (XXvia) 
OCH^-I-5 7.3'^ 2.1'f 6.12 10.02 6.88 10.26 
- I I - 5 - 11.16 8.78 '•.38 6.60 11.56 
-1-7 0.72 o.kk 0.36 0.80 0.82 0.80 
- I I - 7 2.0'f 1.06 0.58 0.52 0.52 0.96 
-I-^tt -0,06 0.02 0.12 - - -O.l^f 
-Il-ifi - -0.08 -0.08 -0.06 -0.10 -
H-I-3 0.18 0.28 0.02 -0.06 O.llf 0.32 
- I I - 3 - 0.06 -0.16 0.36* 0.26 0.2k 
-1-6 3-66 - 2.76 if.80 3.36 4.86 
- I I - 6 - 5.80 k.zk - 3.52 5.58 
-1-8 - 0.6it 0.50 0.72 
- I I - 8 - - - - 1.26 
0.56 0.08 -0.36 -O.O f^ -0.02 (0-0.10) 
- 0.52 -0.12 0 -0.10 
- I - 3 S 5 * 0.02 -0.10 2,00 -0.10 -0.12 
- 0.06 -0.08 -0.08 0.18 -0.12 
* Tpntntive sseignment 
The induced sh i f t s show the same tendecy as observed fo r in 
four monoflavonee (Table I I I ) . In bi f lavones, a half amount of 
used reagent i s a f f e c t i v e to each flavone molecule, when the same 
molar rat io of the reagent i s added. However, OCHj-I-5 and 
OCHj-II-5 show two d i f f e rent sh i f t values from each other except for 
a symmetrical compound(VIIIh). This means that complexation of 
Eu(fod)^ to both flavone nuclei is not even but characterist ic to 
each compound due to their chemical structures. I t i s interest ing that 
H-I-3 ' and H-I-5 ' of compound ( V l l l h ) show a much larger sh i f t value 
(2.00 ppm) than those (0,10 10,24 ppm) of other compounds, perhaps, 
because the Bide phenyl group i s nttached to 6-position of the other 
fl^vonp nucleus. 
The larger sh i f t valup among those of H-I-8 and H-II-8 is l.l'fppm 
(compound XXI I I i ) which i s s t i l l much smaller value than those of 
H-I-6 and H-I I-6 ( 2 . 7 6 ^ 5 . 8 0 ppm). This fact makes i t possible to 
distinguish between the protons at position 6 and 8 in a flavone and 
accordingly to decide the interf lavanoid linkage through e i ther C-6 
or C-8 in bif lavones. 
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C-NMR Spectroscopy of Biflavonoids 
H^-NMR spectroscopy involving sh i f t s of the methoxy signals in the 
spectrum of the permethylether, upon progressive addition of deutero-
benzenef^ has been used for the determination^^^*^'* of interf lavonoid 
linkage. The sh i f t of the signal occurs i f one position ortho-to a 
given methoxy group i s unsubstituted. Though applied successfully 
in many cases, this method i s restr icted in i t s app l i cab i l i t y . Thus 
in the case of hepta-O-methyl saharanflavones^^ one methoxy signal 
does not sh i f t at a l l on the addition of CgDg, supporting a 
linked structure, in spite of the fact that a /l-3.11-57 
linkage was la ter confirmed by synthesis. The use of the paramagnetic 
sh i f t respent Eu(fod)^ helped to d i f f e rent ia te the signals due to 
H-3, H-6 snd H-8, in 5»7-dimethoyyflavonoidB^^ and this has been 
extended to the bif lavonoid permethyl ethersf^*^^^ However, since 
both flavonoid moieties are complexed, d i f f e rent sh i f t s may result 
from the same substituent on each nucleus. Hence a method of wider 
appl icab i l i ty i s necessary f o r an unambiguous determination of the 
interf lavanoid linkage in such compounds. The assignment of the 
signals in the ^^ C-NMR spectra of ten oxygenated bif lavonoids was 
achieved on the basis of offresonance and proton coupled spectra and 
by analogy with published values^^*^^^ for the monomeric compounds.This 
method obviates the necessity of preparing the permethyl ethers which 
are obligatory for the H^-NMR solvent induced sh i f t studies. As a 
consequence therefore, this method has potential also for the location 
of methoxy substitution d i rec t ly in a naturally occurring methylated 
bi f lavonoid. 
Linkage involving ring A only 
The signals for C-6 and C-B in the ^^ C-NMR spectra of monomeric 
flsvjinones, f l «vones end flavanolf? with a 5,7-dihydroxy substitution 
can be unambiguously d i f ferent iated by a consideration of their 
mul t ip l i c i t i es in proton coupled spectra and by spec i f i c proton 
decoupling. For a large number of such compounds the reasonances 
I l1 
fo r these carbon atoms were found between 90.0 ppm to 100.0 ppm. 
The signni for C-6 i s always found to be at lower f i e l ds than C-8 
in a vpriety of 5,7-dihydroxy compounds. This di f ference is small 
(ca. 0.9 ppm) in the flavanones and larger (ca. k.S ppm) in flavones 
and f lavanols. In the cnse of permethylepicatechin the corresponding 
di f ference was 1.7 ppm. The signal for C-8 appeared downfield re la t i ve 
to the C-6 and the assignment was confirmed by spec i f i c deuteration at 
On the basis of well established results''^^ a lky l or ary l 
substitution on an aromatic nucleus should not essential ly a l t e r ( +0,5 ppm) 
the chemical sh i f t of the meta-carbon atoms. This i s wel l exemplified by 
a comparison of the spectrum of pinocembring (5»7-dihydroxyflavanone) with 
that of i t s 6-C-methyl and 8-C-methyl der ivat ives , as well as that of 
luteol in (5»7»3'•' '^'-'tetra-hydroxyflavone) and i t s 8-C-benzyl der ivat ives . 
In a l l these compounds, the signals for the quarternary C-substituted 
carbon atom sh i f t by 6.0 to 9.6 ppm downfield whereas the signal f o r the 
unsubstituted carbon i s not markedly a l tered. Even a C-6 hydroxyl substi-
tution, ss in 6-hydroxyluteolin only s l i gh t l y a l ters the position of the 
signal for C-8 compared with that of luteo l in . 
table-V 
Chemical sh i f ts (ppm» TMS-O) of C-6 and C-8 in some 
5,7-dihydroxyflavonoids. 
Compounds C-6 C-8 
5,7-dihydroxyflavanone 
(pinocembrin) 
96.1 95.1 
6-C-methylpinocembrin 102.1 9^.7 
8-C-methylpinocembrin 95.7 101.9 
3S'^*,5»7-Tetrahydroxyflavone 
( luteo l in ) 
99.2 9^.2 
8-C-benzylluteolin 98.6 103.8 
6-hydroxyluteolin I^O.if 93.6 
In the spectrum of cupressuflavone / " l -8 » I I -8 biapigenin_7 « there 
are only 13 resonances present due to the high symmetry of the molecule. 
The signal for 1-6 and I I -6 appears at 99.0 ppm whereas the signal for 
1-8 and I I -8 sh i f ts downfield( re lat ive to apigenin) to 98.7 ppm, due to 
substitution e f f e c t of the interflavanoid linkage. These assignments 
were confirmed by the proton coupled '''c-NMR spectrum, Methylation of 
both 1-7 and I I -7 hydroxy groups in cupressuflavone shi f ts the signal 
for 1-6 and I I -6 upfield to 95.6 ppm whereas the 1-8 and I I -8 signals 
move downfield to 99.1 ppm. Again confirmation was achieved by taking 
the proton coupled spectrum in which the signal at 99.1 ppm exhibited at 
' j g j j interaction with 1-6 hydrogen atom. In the hexa-O-methyl ether of 
cuprpBsuflBvone the sign»l for both 1-8 and I I - 8 appears down-
f i e l d re la t ive to thpt of apif^enin-tri-O-methyl ether, at 101,2 ppm 
wheress 1-6 and I I -6 are not appreciably sh i f ted . The spectrum 
of agathisflavone I I -8 biapigenin/ shows eight d ist inct resonances 
in the region 93.0 ppm to lO'f.O ppm. The signals for the sunsubstituted 
carbon atom 1-8 and I I -6 appear at the expected values 93»7 ppo and 
98.9 ppm respectively while 1-6 and I I - 8 have their resonances at 
103.^Pf>® 99»^ ppffl* The downfield sh i f t s experienced by the l a t t e r 
two carbon atoms ppm to 5.7 ppm) are due to the substitution e f f e c t 
of the interf lavanoid linkage. The other four signals between 102.8 ppm 
and lO^f.O ppm can be assigned to the carbon atoms I - 3 , I I - 3 » 1-10 and 11-10 
respect ive ly . There are seven signals in the region ppm to lO f^.O ppm 
in the spectrum of rhusflavone /"naringenin 1-6, I I -8 apigenin7. They 
can be assigned by analogy with agathisflavone i t s e l f and the published 
values for naringenin. Thus the carbon atoms I I -6 and I I -8 of rhusflavone 
qO Q 
and agathisflavone had almost ident ica l chemical sh i f t values" * ppm 
and 99.5 ppra for the respective carbon atoms. The carbon atom 1-6 resonated 
at 100.3 pnm. The di f ference in the oxidation l eve l of the two C rings 
in rhuRflPvone is c lear ly re f l ec ted in two well separated carbonyl 
111 resonances for I-k (I96.5 ppm) and l l - ' f (182.ppm). This, thus 
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demonstrated the potential of C-NMR spectroscopy when one i s dealing 
with bif lavanoids with d i f f e r ing oxidation l eve l s in the C r ings . The 
spectral region 93.0 ppm to 103.0 ppm, in the spectrum of rhusflavanone 
1-6,11-8 b inar ingeni^ , comprises six resonances. The me thine carbon 
l ines fo r 1-8 and I I -6 appear as expected at 9^.6 ppm and 95*7 ppm 
respect ive ly . Thp signals at 101,2 ppm and 100,3 ppm can be assigned to 
I -6 and I I - 8 and those at 101,8 ppm and 102,2 ppm to I-IOcarbon atoms 
whereas a 1-6,11-6 biapigenin is known only as a synthetic product, the 
corresponding 1-6, I I - 6 binaringenin-succedaneaflavone is however known 
to occur in nature. As in the case of cupreesuflavone, the spectrum of 
succedaneaflavone showed only 12 signals due to high symmetry of the 
molecule and the coincidence of the signals f o r I - 5 » I I - 5 » I - 9 ®nd I I - 9 
carbon atoms. The signal for 1-6 and I I - 6 appears at 101,1 ppm whereas the 
unsubstituted 1-8 and I I - 8 carbon atoms resonated at 9* .^7 ppm. The signal 
at 101,9 ppm for two quaternary carbon atoms can be assigned only to 1-10 
and 11-10 atoms in succedaneaflavanone. The signals at 101,1 ppm and 101,9 
ppm were d i f f e rent ia ted by the fac t that the signal intensity of the la t ter 
wns much greater than that of thp former, r e f l e c t ing d i f f e rent relaxation 
behaviour. The assignment of the signals for 1-2,11-2, I -3» I I - 3 and the 
carbon atoms of the ring I-B and I I -B in a l l the above compounds were made 
by analogy with apigenin, i t s methyl ethers and naringenin. 
Linkages involving r ing A and B 
The three methine carbon atoms 11-8,1-6 and 1-8 of robustaflavone/"1-3*, 
I I - 6 apigenin J can be eas i ly assigned to the signals at 9 3 . 9 PIMN» 9 9 . 0 ppm 
and 9k,0 ppm respect ive ly . The signal f o r I I -6 carbon atom appears at 103.5 PP« 
The spectral interval 116,0 ppm to 131.0 ppm consist of ei£^t resonances of 
the carbon atoms of the two B r ings. This is almost identical with the same 
spectral region of amentoflavone /i-3%11-8 apigenin7 and the signals can be 
eas i ly assigned on the basis of sh i f t s expected for aryl substitution at 1-3* 
and the off-reaonance spectrum. The signals for the three carbon atoms 
1-6, 1-8 and I I - 6 in the spectrum of amentoflavone can also be readi ly 
ident i f i ed to be at 98.9 ppm, 9h,2 ppm and 99.1 Ppm respect ive ly . The I I - 8 
resonance appears at lO't.l ppm and i s 5.6 ppm more downfield ae 
compared with the position of the same signal in cupressuflavone. 
Linkage involving 1-3 
The only bif lavonoid included in this study with a / " l - J t l l - S . ? 
linkage was volkensiflavone /"naringenin I - 3 » I I - 8 apigenin7. The 
spectrum of this compound at 100° showed 22 resonances with coincidence 
of the sip;nals for I - 5 , 1-9 and I I - 2 (at 163.7 ppm), 1 -1 ' , I -2 » , I I -2^ 
1-6, and I I -6 » (at 128.1 ppm), I I - 3 ' and I I - 5 ' (at 115.9 ppm) and I - 3 ' » 
I -5 (a t l l ' f .6 ppm). The rpsonances I - ? and 1-3 appeared at Sl. 'f ppm 
and 48.2 ppm respectively and are 3.0 ppm and 6.2 ppm downfield of the 
corresponding ones of naringenin. These sh i f t s are due to theo<~and p-
cubstituent e f f e c t of the 8-apigeninyl moiety at the carbon atom 1-3. 
The resonances for 1-6 and 1-8 appear at 96.4 ppm and 95.3 ppm whereas 
those of I I -6 and I I - 8 appear at 98.5 Ppm and 100,6 ppm respect ive ly . As 
is to be expected the two carbonyl resonances at 196.0 ppm(l-'t) and 
1 8 1 . 6 ppm ( I l - ' f ) r e f l e c t the respective l eve ls of oxidation of the two 
C r ings. The presence of conformational equilibrium, due to inhibit ion 
of f ree rotation about the C-C bond in the interf lavonoid linkage, in 
volkensiflavone was demonstrated by running the spectrum at 35**. Two 
signals of d i f f e r ing intensity f o r each of the carbon atoms 1-2(81,3 ppm 
and 82.V ppm) and I - 3 ('•8,7 ppra and ^7,9 ppm) are present in the spectrum. 
In addition several carbon resonances were considerably broadened. 
Location of methoxyl group 
The position of methoxyl substituent in a bif lavanoid can not be 
determined on the basis of chemical sh i f t of the methoxy carbon, as the 
variation is too small to be of a diagnostic value. However, 
s t e r i c crowding as in the case of 5t6, 7-tri-O-methyl compounds 
does cause a downfield s h i f t of the oethoxy carbons by Ca; 6.0 ppm, 
whereas in a 5-hydroxy-6,7-dimethoxy der ivat ive the s h i f t i s only of 
the order of 3.0 ppm. The downfield s h i f t of the signal f o r the 
cprbon, bearing thf hydroxyl group, on methylation i s also var iab le . 
However, the upf ie ld s h i f t of the signal f o r the ortho carbon atoms 
i s more r e l i ab l e d iagnost ica l ly , thus enabling an indirect determination 
1 1 1 of the s i t e of 0-methylation. 
In conclusion, i t is apparent that more inspection of the 
chemical s h i f t values in the spectral r*»gion 90.0 ppm to 105.0 ppm, 
13 
in C-NMR spectrum of a b i f l avono id , can give a good indicat ion of 
the linkage posit ions i f r ing A i s involved in a C-C l inkage. This may 
be addi t ional ly confirmed,by a normal off-resonance spectrum. In the 
event of any new C-C linked bi f lavanoid being i so la ted , involving the 
rings A in the linkage, this method w i l l be idea l f o r determining the 
linkage pos i t ion. 
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MASS SPECTROMETRY 
The masB s p e c t r a o f a wide v a r i e t y of o r g a n i c n a t u r a l products 
have been s t u d i e d only d u r i n g the l a s t few y e a r s . The i n t r o d u c t i o n 
of the i n l e t system s u i t a b l e f o r v o l a t i l i z a t i o n of h igh m o l e c u l a r 
weightCM"*", 3 0 0 - 1 2 0 0 ) o r g a n i c m a t e r i a l s has g r e a t l y i n c r e a s e d the 
u t i l i t y of mass spectrometry. G e n e r a l l y fragmentation i s r e l a t e d to 
the s t r u c t u r e s o f thp i n t a c t m o l e c u l e . R e c e n t l y a number of papers on 
the e v a l u n t i o n of s t r u c t u r e fragmentat ion p a t t e r n r e l a t i o n s h i p i n mono 
and b i f l a v o n o i d s have appeared. 
F lavones 
113 
K i n g s t o n has d i s c u s s e d the mass s p e d t r a of a l a r g e number of 
f l a v o n e s , f l a v o n o l s and t h e i r e t h e r d e r i v a t i v e s . He has summarized the 
manner i n which monoflavones fragment a s f o l l o w s : 
(a) F l a v o n e s with fewer than four hydroxy groups do not r e a d i l y 
fragment, a consequence of the s t a b i l i t y o f t h e i r m o l e c u l a r 
i o n , 
(b) F l a v o n e s w i t h fewer than four hydroxy groups tend to undergo 
decomposit ion predominantly by way of the Retro D i e l s - A l d e r 
113 11'f p r o c e s s * , T h i s and o t h e r common fragmentat ion p r o c e s s e s 
11'f 
are shown i n C h a r t - X I I u s i n g a p i g e n i n ( X X X ) as a t y p i c a l 
example. 
( c ) An M-l'*' ion i s often found i n the mass s p e c t r a of 
f l a v o n e s , i t s o r i g i n i s however, obscure. 
K' 
chart-xii 
HO o 
( X X X ) 
M 270(100) 
M-28 
HO 
24 2 { Majoi,; 
S e c - / / V O H 
c 11 
HO 0 
CC)w/e 121 
A l t e r n a t i v e Retro Alder 
Process to give fragment(C) 
(A)m/£ IS 2 
- c o 
(.B) ^/eiis 
A - 28 
5=c- -> OH 
CO TTi/e 121 
(d) The presence of ion C (Chart-XII) frequently more intense 
when a 3-hydroxy group i s present, i s attributed to the 
alternative mode of retro-Diels-Alder fragmentation also 
depicted in Chart-XII. 
( e ) Doubly charged ions are frequently present. 
( f ) When heavily substituted with hydroxyls and methoxyls,the 
flavone tends to fragment in a less predictable manner» re tro-
Diels-Alder process become insigni f icant and the spectrum is 
dominated by the molecular ion and ions at M-15«M-28 and * 
u 
F l a v a n o n e B 
In the case of flavonoids with reduced heterocycl ic r ing, 
fragmentations by path A and B are of great importance as they 
lead to clear exit, characteristic spectra (Chart-XI I I ) , 
CHART-XIII 
— / PATH-A 
PATH-B 
Another method of breakdown, that helps to characterise the 
f l «v«nones is thp loss of either a hydrogen atom or an ary l radical 
from th*» molecular ion (XL) to give even electron fragments. 
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(.XL) 
r 1 
1 
r ^ 1 
L / J 
These fragmentation processes are i l lustrated in the case of 
^•-methoxyflavanone (XLI) (Chart-XIV). The fragment with methoxy-
group takes nearly a l l the charge due to resonance stabi l izat ion. 
CHART-XIV 
¥ rnfcisAO-OO) 
HO 
253 (30) 
'^/e 91(12) 
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A further peak is at m/e 108 arising from a hydrogen 
transfer reaction. 
OCH, 
-mje i 0 8(10j 
The presence of hydroxyl or methoxyl group at position of 
ring B f a c i l i t a t e s , by enhanced resonance stabi l i zat ion of the 
resulting fragment ion, the formation of p-hydroxy benzyl or p-methoxy 
ben?yl ion( or their enuivalent tropolium ions ) , respect ive ly . These 
ions »pr»ear PS peaks of s igni f icant intensity in the mass spectrum of 
naringenin(XLII)/it6 trimethyl ether. 
OH 
CH< 
-m/e. 107 
5V 
Biflavonfts 
1 i 6 
Seshadri et a l , have mnde a more spec i f i c study of the mass 
spectr « l fragmentation of the permethyl ether derivatives of 
amentoflavone, cupressuflavone and hinokiflavone. The fol lowing 
fragmentation schemes (Chart- XV, XVI and XVII) have been proposed to 
explain the appearance of some of the ions observed. Molecular ion is 
usually the base peak. Apart from the processes mentioned ear l i e r for 
apigenin/its trimethyl ether these compounds also undergo ( i ) f i s s i o n 
of the C-C or the C-O-C linkages between the aromatic r e s i dues , ( i i ) 
elimination of CO and CHO from the biphenyl ethers and ( i i i ) r ear range-
ment involving condensation between the phenyl r ings. 
Steric factors seem to play an important ro le in influencing the 
breakdown mode and internal condensations. These factors become so 
much dominant in agathinflavone hexa-methyl ether that the ion at 
m/e 311 appears as base peak instead of molecular ion, m/e 622(90). 
Th*> mass spectra of amentoflavone hexamethyl ether and cupressuflavone 
hpxpmethyl ether are similar, molpcular ion being the base peak in each 
case. Difference "".ies in the intensi t ies of the corresponding peaks due 
to vpristion in substitution patterns and s ter ic factors . The main peaks 
together with their intensi t ies in the mass spectra of these compounds 
are given below. 
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Amentoflevone h»'xameth.yl e t h e r 
The mode of fragmentation i s shown i n C h a r t - X V . 
Main Peaks; 622(100); 621(31); 607(33); 592(8); 576(10); 312(2); 
311(5); 245(5); 181(2); 1 8 0 (3 ) ; 135(16); and 132(3). 
tti/e 311 (5) {D) 
CH 
++ + t M^ Uj 2 
576 (10 ) 16) 
H C 
HCO 0 
o 
l e 310 lC) 
H3CO ^ 
T^/e 181 (2 ) 
OCH 
.H 
C = 0 -m/elSSQe) 
-mlc 24 5(49-6] 
f A ) ^ 
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Cupressuflavone hexamethyl ether 
The mode of fraf^mentstion i s given in Chart-XVl, 
Main Peaks; 62?(100); 621(38); 607(8); 592(18); 576('4); 312(7); 
3l1(1 ' f ) ; 245(11); 155(26) and 132(14). 
CHART- XVI 
CH mle 132(14) 
HCO \ 0 
sJ 
OCH. 
C H. 
HCO ^ 
3 tnie 576 C4 ) lB ) 
OCH. 
OCH 3 
^^CO 0 h M 622 (100) 
mje 311(14) 
[H\7Ld.joyMl 2] 
O-v 
w/e i 3 5 (26 ) 
HCO 
Hr 
CH3 
0CH3 
mje. 245 (11) (A^ 
i . e 4 0 9 1 
eo 
The peaks at m/e 60? and 592 obviously arise by the loss of 
methyl groups. The peaks at m/e 576 has been assigned the structure 
B (Chart XV and XVI), a condensation product. Such a condensation 
product hes been reported to be formed when amentoflavone i s heated 
117 
with zinc dust. The reason for di f ference in intensit ies of such ions 
in the spectra of cupressuflavone hexamethyl ether(h^) and amentoflavone 
hexamethyl ether (10?^) i s that the former is a symmetric type. This 
results in di f ferences in the ster ic disposition of one flavone unit 
re la t ive to the other, thus hindering or favouring condensation between 
116 the phenyl r ings. 
The ion at m/e 311 i s due to both the doubly charged ion(M^^) and the 
apigenin trimethyl ether fragment (K*/2), The di f ference in the intensit ies 
in the spectra of cupressuf lavone hexamethyl etherCl'f?^) and amentoflavone 
hexamethyl ether(59^) i s due to variation in the oxygenation pattern of the 
biphenyl residues in the two compounds, which i s responsible f o r di f ferences 
in the lab i l e nature of the inter-apigeninyl bond. Another explanation 
would be that the removal of another electron from M"*^  i s d i f f i c u l t in the 
case of ( n i p . ) . Thirdly double RDA f iss ion of molecular i o n ( I I I p ) may yield 
the fragment (C) m/e 310 (3^) , which a f t e r accepting a hydrogen atom gives 
an ion D hnving m/e 311. 
I t is surprising that the ketene fragment at m/e 180 which should be 
expedted as a result of the RDA f iss ion of apigenin trimethyl ether unit , 
i s pract ica l ly absent in the spectrum of cupressuflavone hexamethyl ether. 
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Hinokiflavone Pentamgthyl ether 
The mode of fragmentation is considerably d i f f e rent from 
those of amentofTavone, cupreesuflavone and aj^athisflavone 
hexamethyl ether (Chart-XVII). 
Main Peaks; 608(3P); 607(1?). 593(36); 5flO(4); 579(11)5 
578(11); 576(6); '•51(7); 327(23); 312(22); 
311(22); 30'f(22); 297(29); 296(75)? 281(22); 
181(11); 180(3); 135(19); and 132(18). 
The base peak in this case appears at m/e 313 ®nd the molecular 
ion m/e 608 amounts to 39^ of this peak. This could be attributed 
to the fact that the biphenyl eth*»r bridge suf fers easy rupture; 
hydrogen transfer then leads to 3 1 3 fragment. The f iss ion of the 
ether bridge in (XXI I I ) can take in two ways; (1) by route ( l ) g i v ing 
the ions at m/e 297(29) and m/e 311(2) and (11) by route (2 ) giving 
ions at m/e 281(22) and m/e 327(23). However the observation that the 
313 ion i s not intense sugppsts that r ou t e ( l ) i s favoured i . e . the 
bond between the oxygen bridge and the highly oxygenated phenyl ring 
breaks preferably 
OHART-XVIII 
6? 
313(100") 
mle. 297(29) 
H3CO 0 311(21) 
•D 
o 
tc 
0 C H 3 0 
(xxm) ^^  608 139} 
-T^je 180 O ) 
i^iei i s u i l j 
01 
\ 
lU 
•D 
o 
a 
OCH. 
->^1^135 
^(e 281 (22) 
-mle 327(2 3j ^^ ^ 
1 3 2 ( 16 ) 
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The ion at m/e i s obviouely M "^*", since the molecular ion in 
this case cennot sp l i t into two equal fragments having this m/e 
value. Further evidence fo r i t being doubly chflrged ion i s provided 
by the appearance of the isotope peak at half a mass unit higher 
(30^,3)• Ions at m/e 593 and 578 arise by the loss of methyl groups, 
m/e 580 and 579 by the loss of CO and CHO respect ive ly , and m/e 576 
by internal condensation. The ions due to the loss of CO and CHO are 
not found in the spectra of biphenyl type bi f lavones. The ions at 
m/e and 296 arise by various modes of RDA f i ss ion . 
Agathisflavone hexamethyl ether ( IXf )^^ 
In this case^^, s ter i c factors become so much dominant that the 
ion at m/e 31I appears as base peak instead of molecular ion m/e 
622(90). The mode of fragmentation i s given in Chart- (XVII I ) . 
Main peaks; 622(90); 607(5^^); 591(98)? 573(24); 561(15); 
521(12); 497(2<t); 325(20); 311(100); 28l (12) ; 
245(22) and 135(65). 
OHART-XVII 
64 
S 
0 
H, , 0 -OCH3 
0 
e 245 (22 ) 
OCH3 
H3CO 0 
(IX^ 
622 ( .90 } 
I ht 
H3CO 0 
311(100) 
1 
iTi 
0+ 
'ni/elSS Q65) 
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Biflavanones 
Jackson et a l . have successfully applied mass spectrometry 
to elucidate the structure of bif lavonoids of 6B-Beries(XV) containing 
two flavanone units linked through / " I - ? , 11-8^, 
(a ) GB-1 OH H 
(b) GB-1a H H 
( c ) GB-2 OH OH 
(d ) GB-2a H OH 
( e ) GB-1-Heptame thyl OCHj H 
ether 
A l l the features observed in mass spectra of bi f lavonoids of 'GB* 
ser ies and their methyl ethers have analogies with similarly substituted 
kS mono-flavanones. The mass spectrum of GB-1 heptamethyl ether(XVe) showed 
OHART-XVIII 
78 
OCH: 
OCH3 
fmnfe, 164 
HgCO 0 
H^CO OCH, 
H^CO 0 
( X V e ) 656 
H, 
'P 
H,CO 0 
'm/e 4 76 rnje 312 
5V 
the presence of ions at m/e 121, 15^, l 8 l , 312 and kyS, The presence 
of ions at m/e 15^ and l8l consistent with fragments; /"C^H^.(0Me)^.057^ 
and /'CgH2»(OMe).OH.COJ/*^ respect ive ly , supported the present of 
phloroglucinol ring system derived from a 5,7-dihydroxyflavanone system. 
In addition, the presence of another ring was suggested by an ion at 
m/e 121 consistent with a /"MeO. C^Ei^ CR^J''*' fragment. Mass spectrum also 
supported the nature of the linkage since the fragmentation of molecular 
ion at m/e 656 can be rational ized by RDA reaction of f lavanone, f i rs t 
at ring I-C to give a fragment ion et m/e followed by a similar 
fragmentation at ring I I -C to give an ion at m/e 3l2. This two stage 
breakdown fragraantPtion ppttern is fu l l y substantiated by the presence 
of matnstsble pepks. These results can only be accommodated by a linkage 
from the oxygen heterocyclic ring I-C to the phloroglucinol ring I I -A 
(Chart-XIX). The production of phloroglucinol dimethyl ether at m/e 
a process which is not observed in simple analogous flavanones, i s 
probably of thermal or ig in . In fact phloroglucinol i s so readily lost 
from GB flavanones that i f the temperature of the ion chamber in the mass 
spectrometer much exceeds the minimum (-^200^ ) f o r evaporation of the 
sample, there is d i f f i c u l t y in detecting the molecular ion. The thermal 
ins tab i l i t y of GB-1 was established by heating i t in a tube at 28O® and 
from the pyrolysis products, phloroglucinol was isolated and characterized. 
ifO 
As suggested by Pel ter , the ion of nl/e 312 cannot be due to the 
formation of apigenin trimethyl ether because fragmentation pattern 
below 312 bears no resemblance to that of apigenin trimethyl ether. 
The ions, m/e l80 and m/e 132, which could arise by RDA reaction 
of apigenin trimethyl ether, are ent i re ly absent from the spectra of 
QB biflavanone methyl ethers. Further the alternative isoflavanone-
tfO 
flavanone structure(XLII I ) proposed for 'GB* biflavanones was ruled 
out on the basis of the ion at m/e 121 in the spectrum of GB-2 Octamethyl 
ether, which could only arise from C-2 of a flavanone. 
,9 
H3CO o 
U L l l I ) 
OCH. 
R. 
GB-I(methyl ether) 
GB-1a " 
GB-2 " 
GB-2a " 
OCH-
H 
OCH, 
H 
H 
OCH, 
OCH, 
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OHART-XVIII 
HO 0 
R-H, GB-a.M'" 55 8 
0:=C 
OH 0 
R - O H 
'rt\|e 296 
70 
The prominent ions at m/e 180 and 132 noted in the mass 
spectrum of apigenin trimethyl ether are ent ire ly absent from the 
mass spectrum of GB-1 lieptamethyl ether. This clearly indicates the 
unacceptability of Pe l t e r ' s implications. Further, the mass spectra 
of the parent compounds GB-2 and GB-2a (Chart-XX) showed c lear ly 
the presence of ions at m/e 107 and 123 consistent with the fragments 
obtained from aromatic rings I-B and I I -B respect ively, GB-2 
i n t i a l l y loses the elements of phloroglucinol (M-126), and then by a 
RDA process, ring I I-C fragments to give an ion with m/e 296(and not 
at m/e 3''2), Additionally, two successive RDA fragmentations around 
rings I-C and I I-C of GB-2a give an ion at m/e 270 (and not at m/e 286), 
This evidence c lear ly established that the 3»^-dihydroxyphenyl system 
constitutes ring I I -B and not ring I-B in GB-2(xVe) and GB-2a (XVd)^. 
Flavanone-flavone type bif lavonoids 
65 46 k7 Venkataraman et a l , - ' , Jackson et a l , and Vishwanathan et a l , ' 
have reported the mass spectral studies of /"I ' -3,I I-8_7 linked 
flavanone-flavone type bi f lavonoids. These combine the characterist ic 
fragmentation patterns of a flavanone and a f lavone. The mass spectrum 
k7 
of talbotaflavone hexamethyl e ther (X l l lh ) ' shows fragmentations as 
shown in Chart -XXI. 
OHART-XVIII 
w/e 137 02) 
+ - rn i e i soc i s ; 
HCO - 0 
w/e 312 (4 5) CH) 
12 
The mass s p e c t r a l fragmentation o f m o r e l l o f l a v o n e ( X I I l A ) 
heptamethyl e t h e r are s i m i l a r to those shown f o r t a l b o t a f l a v o n e 
hexamethyl e t h e r ( X I I I h ) except f o r the i n c r e a s e o f 30 mass u n i t s i n 
the ione ( C h a r t - X X l ) D(105^) and G(22?^) due to an 
e x t r a methoxy group i n the I I - B r i n g . The i n t e n s i t i e s of other i o n s 
are B(325^), H ( 1 3 ^ ) and 1(1005^). 
The mass s p e c t r a l s t u d i e s of the b i f l a v o n o i d s r e v e a l t h a t 
t h e i r fragmentation p a t t e r n s depend not o n l y on the c o n s t i t u e n t 
monomeric f l a v o n o i d u n i t but a l s o on the n a t u r e and p o s i t i o n of 
i n t e r f l a v o n o i d l i n k a g e . While the c r a c k i n g p a t t e r n s o f s i m p l e r 
f l a v o n o i d s are l e s s complex, i n a p p l i c a t i o n of these concepts to 
b i f l a v o n o i d s , one has to take i n t o c o n s i d e r a t i o n the i n f l u e n c e of the 
a d d i t i o n a l s t r u c t u r a l and s t e r i c f a c t o r s . 
/J 
SyntheeiB 
The synthesis of the bi f lavonoids with reduced heterocycl ic 
rings introduces problems of stereochemistry which can be expected to 
o f f e r a great challenge to the chemist of the future. However, recently 
118 
synthesis of hepta-0-mel:hyl fukugetin (Chart-XXIV) has been reported, 
A par t i a l synthesis of GB-1a has also been a f f e c t e d . The synthetic 
approaches to the members of the bi f lavone fami l i es f a l l into f i v e 
d i s t inc t categories. 
1. Coupling of two flavone nuclei by Ullmann react ion. 
2. Ullmann synthesis of suitably substituted biphenyls and 
biphenyl ethers folloiped by their heteroannulation to 
bif lwvones. 
3. Wasseley-Moser rearrangement of ex is t ing bi f lavones e . g . 
interconversion of cupressuflavone and agathisf lavone. 
'f, Partia"" methylntion and demethylation of natural or synthetic 
b i f lavones , 
5. phenol oxidative coupling of f lavones, 
Pllm^nP Coupling o f Flavones 
A number of b i f lavonoids with d i f f e r en t inter f lavonoid 
110,120 
l inkages have been eynthesised by the application of Ullmann react ion, 
Nakazawa accomplished the synthesis of amento flavone hexamethyl ether 
by mixed Ullmann reaction between 3 ' - iodo- ' f » ,5 ,7- tr i -0-methyl f lavone(XLIV) 
and 8- iodo-^*,5»7-tr i -0-methyl f lavone(XLV). Cupressuflavone hexamethyl 
ether was obtained as a by product and was found ident ica l with the one •zQ 
obtained from natural sources. Later on Seshadri e t a l . have also 
74 
synthesised cupreseuflavone hexamethyl ether from 8-iodo-^' ,5« 
7-tri-0-methylflavone(XLV) under modified conditions of Ullmann 
condensation. 
( XLIV) 
7 W H-CO 
^ ^^ -OCH 3 
o 
OCH 
(,Vll lh) 
/ ^ 
The s y n t h e s i s of / " l - i f f - o - I I - 8 J and / l - 4 » - 0 - I I - 6 J l i n k e d 
h i n o k i f l a v o n e methyl e t h e r s has been r e p d r t e d by Nakazawaf^ The 
permethylated 3 ' - n i t r o b i f l a v o n e methyl ethers^ the key i n t e r m e d i a t e s , 
were obtained by condensation of 3 * - n i t r o - ' f • - i o d o - 5 « 7 - d i - 0 - m e t h y l f l a v o n e 
( X L V I ) and 8 and 6 - h y d r o x y - 4 • , 5 , 7 - t r i - 0 - n i e t h y l f l a v o n e s ( X L V I I and X L V I I I ) 
i n DMSO i n the presence of K^COy The n i t r o e t h e r s were reduced by 
NagSgO^ i n aqueous DMF, d i a z o t i z e d and decomposed with H^PO^ to 
give pentamethyl e t h e r s of h i n o k i f l a v o n e ( X X I I I i and X X I V b ) . 
OCH, 
( XL I i ; R^r: OH, 82= H 
CXLVIIl) OH, H 
II 
cf 
II 
a: 
( X X I V b ) 
(xxin; 
OCH, 
Seshadri et al!^^'' have reported that demethylation and 
Wasseley-Moser rearrangement occurred during Ulmman condensation 
between 8-iodo apigenin trimethyl ether(XLV) and apigenia-5,7-
dimethyl eth»»r(XLIX) using activated copper bronze and in 
isoamyl alcohol to give natural hinokiflavone pentamethyl ether and 
cupressuflavone hexamethyl ether, a f t e r methylation of the reaction 
product (Ghart-XXII). 
CHART-XXII 
( X L I X ) 
H3CO 
HCO 0 
( x L v ; 
1. Ullmann reaction;Cu-bronze; 
m^O^ in isoamyl alcohol: re f lux , 
2, Remethylation of crude part ia l ly 
demethylated product using 
in ace ton. 
2, Pllmann Synthesis of Biflavonee yja Biphenyl and 
BiT>henyl ether precursors 
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Methai and co-workers f i r s t introduced this approach 
to thp synthesis of bi f lavones in 196^. However, none of the 122 
bif lavones prepared by them occurs natural ly. Ahmad and Razaq 
appears to have quickly real ized the potential of the method and have 
successfully synthesised the hexamethyl(Vlllh) and te t ramethy l (V I I I f ) 
ethers of cupressuflavone(Vil la) as shown in Chart—XXIII* The method 
involved Ullmann coupling between two molecules of l-iodo-2, ' f ,6-trimethoxy 
benzene(L) to form a biphenyl system ( L I ) as the f i r s t step. Subsequent 
Friedel Cra f t ' s acylat ion, par t ia l demethylation and condensation with 
anisaldehyde gave a b ichalcone(LI I ) . Oxidative cyc l i zat ion of bichalcone 
by SeOg gave cupressuflavone hexamethyl <bher(VIIIh) which on par t ia l 
demethylation was converted into cupressuflavone tetramethyl e t h e r ( V I I I f ) « 
chart- XXIII 
OCH-
(L ) 
OCH, 
H C O Y ^ ^ ' x ^ O C H g 
OCH. 
C L I ) 
40C; Nf. 
. 'ft 
OCH. 
H3C 3 H3C ^ 
CH3COC1 
OCH3 
.CH, 
OCH. 
H3CO 0 H3CO 0 
-CH. 
H g C O - ^ ^ V ^ O H 
AlKaLl 
0 
-OCH, 
OCH, 
SeO, 
OCH. 
r ^ 
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L a t e r on Kawano e t a l , have a l s o used the same method f o r the 
s y n t h e s i s of a g a t h i s f l a v o n e hexamethyl e t h e r ( I X f ) and c u p r e s s u f l a v o n e 
hexamethyl e t h e r ( V I I I h ) . From the F r i e d e l C r a f t ' s a c y l a t i o n of ( L l ) w i t h 
a c e t y l c h l o r i d e and aluminium c h l o r i d e i n d i e t h y l e t h e r , the two 
compounds ( L I T ) and ( L I I I ) could be i s o l a t e d . Subsequent a c y l a t i o n of these 
compounds with p - a n i s o y l c h l o r i d e , Baker-Venkataraman rearrangement and 
r i n g c l o s u r e gave c u p r e s s u f l a v o n e hexsmethyl e t h e r ( V I I I h ) and a g a t h i s -
f l a v o n e hexamethyl e t h e r ( l X f ) r e s p e c t i v e l y . 
CH '3 
L I 
o 
H. 
L l l ->Vin K 
80 
The structure of Ochnalflavone as 1 - 5 f l l - ? * ! - ? . ! ! - ? 
pentahydroxy /'1-3*-0-11-^* J bif lavone (XXVia) was confirmed by 
the synthesis of i t s methyl ether (XXVIe)^^ using diphenyl ether 
dicarboxylic acid chloride (LIV) and 0-hydroxy phloroacetophenone 
dimethyl ether in the fo 1:1 owing way . 
OCO 
H C O C ^ ^ X ^ 
H CO 
o 
( x x i v j 
s I 
The alternative structure (LVI) suggested fo r ochnaflavone 
13 
methyl ether was also synthesized in the same way using the isomeric 
diphenyl dicarboxylic acid chloride (LV). 
d-6 
( LV ) 
OCH 
o - f / 
OCH. 
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Konoshima et a l , have reported the synthesis of I I -3* 11-^*» 
1-5» I I - 5 , I-7-II-7-hept8-0-methylflavone /" 1-5, I I -8_7 flavone (hepta-0' 
methyl fukugetin) (LIX) and i t s dehydrogenated derivat ive(LX) (hepta-o-
methyT saharanflavone) Chprt-XXXIV). 
P9 
8-Chloromethyl luteolin tetramethyl ether(LVII ) was converted 
into the acid chloride whose ester i f i cat ion with phloroglucinol 
dimethyl ether and subsequent Fries rearrangement gave the required 
ketoflavone(LIX). This was condensed with anisaldehyde and cycl ization 
of the resulting chalcone gave ( + ) hepta-O-methyl fukugetin(LVII I ) . 
Cyclization of (LVI I I ) with anisic anhydride and sodium anisate (Allan-
Robinson method) or dehydrogenation of (LIX) with iodine-potassium 
ecetste g»ve hepta-O-methy"*, sahnranflftvone (LX), 
CHART- XXIV 
PCK3 
CKI o/uOyA ti K^^'ho^ 
OCH3 0 
PCH-
OCH 
( L v i i ; 
0CH3 
O H f O 
KCN/CfeHc 
3-SOCI3 
lAU^fUaito-rt OCH^O 
2.- ffdbU 
r 
C 
LVlll 
h-ch:\ /V-och^h cO 9 
1- CoTidemiatio'n 3 
2- CYcU'za^oTi 
A U e - n -Robluso'n. 
H^CO O 
h^CO 
,OCH-
OCH, 
OCH-
OCH, 
OCH, 
H r O O 
^ ( L X ) 
D eKT^di.og.crua-ttoTX 
3. Wesselfry Moser Rearrangement 
The Wesseley Moeer rearrangement which attended Seehadri»8 
42b Byntheeis of hinokiflavone pentamethyl ether (Chart-XXII) has been 
ho 
put to b en i f i c i a l use by pe l ter et a l , for the synthesis of agathisflavone 
hexamethyl ether, Pe l ter et a l , treated (+ ) cupressuflavone hexamethyl 
ether with hydroiodic acid in acet ic anhydride at 130-llfO® for 8 hours 
( t yp ica l Wesseley Moser condit ions) a f t e r which the reaction was worked up 
C A 
and remethylated to give a mixture of ( + ) agathisflavone hexamethyl 
e th f r and ( + ) cupreseuflavone hexamethyl ether In the ra t i o 3:2 
(W/W), The conversion constituted the f i r s t preparation of a member 
of the agathisflavone family. Benzene induced NMR solvent s h i f t were 
used to v e r i f y the linkage positions in agathisflavone ( IX ) and 
cupressuflavone ( V i l l a ) , 
Part ia l Denethylation and Methylation of Natural and 
Synthetic Biflavones 
A large number of par t ia l methyl ethers of cupressuflavone 
and agathisflavone have been prepared by the controlled demethylation 
of cupressuflavone hexamethyl ether» In the i n i t i a l study Seshadri e t a l . 
obtained only the dimethyl and tetramethyl ethers of cupressuflavone. 
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However, repetit ion of the reaction by Rahman et a l , showed that 
there i s an added complication, f o r the Wesseley Moser rearrangement 
accompanies demethylation yielding derivat ives of both agathisflabone 
and cupressuflavone. The 0-methyl derivatives of agathisflavone have not 
been f u l l y characterized but on remethylation they a l l give agathisflavone 
hexamethyl ether, Agathisflavone h«?xamethyl ether subjected to the same 
demethylation conditions gives an identical mixture of 0-methyl deriva-
t i ves , From this study i t is concluded that demethylation fo l lows the 
sequence C-5» than C-^' and f i n a l l y C-7 precisely the same sequence i s 
observed for apigenin trimethyl ether. Part ia l methylation of cupressu-
flavone with 3.3 equivalents of di methyl sulphate has been used f o r 
iipa 
Seshadri et a l . to obtain the tetra ( V l l l f ) and penta ( V l l l g ) 
methyl ethers of cupressuflavone .The 0-methyl derivat ives of 
amentoflavone and hinokiflavone 
r 
f J have a l s o been o b t a i n e d by p a r t i a l d e m e t h y l a t i o n 
o f the c o r r e s p o n d i n g b i f l a v o n e m e t h y l e t h e r s . 
5» P h e n o l O x i d a t i v e C o u p l i n g 
Of a l l the methods d i s c u s s e d , the d i m e r i z a t i o n of a p i g e n i n 
and i t s d e r i v a t i v e by o x i d a t i v e c o u p l i n g o f f e r s the most s t i m u l a t i n g 
and a e s t h e t i c a l l y p l e a s i n g r o u t e to the b i f l a v o n e s s i n c e i t most 
c l o s e l y f o l l o w s the p r o c e s s which i s b e l i e v e d to o c c u r i n n a t u r e . The 
a p p l i c a t i o n of phenol o x i d a t i v e c o u p l i n g to s y n t h e t i c c h e m i s t r y h a s , 
1 2 5 - 1 2 7 
therf>fore, b»>en e x t e n s i v e l y s t u d i e d . I t h a s been e x p e r i m e n t a l l y 
e s t a b l i s h e d i n th*» phenol o x i d a t i v e mechanism. The p h e n o l a t e i o n i s 
o x i d i s e d , by an e l e c t r o n o x i d a n t l i k e f e r r i c c h l o r i d e o r p o t a s s i u m 
f e r r i c y a n i d e , to a phenoxy r a d i c a l . 
ArO + C F e ( C N ) g 7 ^ ArO + / ' F e ( C N ) g J 7 
The f r e e e l d c t r o n i n the phenoxy r a d i c a l may be shown a t 
v a r i o u s p l a c e s by mesomeric e f f e c t . The f r e e r a d i c a l s a r e then c o u p l e d 
r a p i d l y and i r r e v e r i s i b l y under k i n e t i c c o n t r o l , by t h r e e of the many 
modes o f d i m e r i z a t i o n t h e o r e t i c a l l y p o s s i b l e . 
f 
L 
( i ) Hemolytic coupling 
2 ArO (ArO), 
•"> t 
( i i ) Radical insertion 
ArO + ArO -e ^ (krO)^ 
( i i i ) Heterolyt ic coupling 
ArO -e ^ Ar^ 
ArO+ArO ^(ArO)2 
I t i s reesonable to assume that coupling occurs fastest at the 
positions of highest density of the free electron except where there 
is s ter ic hindrance of approach. 
The parent bif lavone together with their various 0-methyl ethers 
exhibit e ither C-C or C-O linkage between the flavonoid units which 
might be expected to arise through oxidative coupling of an apigenin 
derived radical (LXI) or ( LX I I ) . 
e 
OH 0 OH 0 
OH O 
/r 
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Molyneux et a l , have investigated the oxidative coupling of 
apigenin using alkaline potassium ferricyanide and isolated two 
bif lavones, (XVI) and (XVII) with interflavonoid linkages / ' I - 3 » I I - 57 
and f I - 3 » 11-3* J respectively» out of these two la t te r one has 
been isolated very recently from Taiwania cryptomeroids 58 
I X V I ) 
( X V I O 
The synthetic compounds(XVI) and (XVII) appear to arise 
presumably by approapriate spin-pairing of the mesomeric radical (LXI ) , 
although none of the symmetrical /~I-3*» I I -57 linked dimer* which 
might also be expected to be formed, could be isolated. These observa-
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tions are consistent with the findings of Kunnel et a l , , who studied 
the electron spin resonance spectra of flavonoid anion radicals 
(derived from polyhydroxyflavones and havinjz; a 5-hydroxy function)and 
concluded that the delocalization of an unpaired electron i n i t i a l l y 
generated at the C-'t* hydroxy group in apigenia occurs only in rings 
B and C(LXI), Thus, in order 
51 
to achieve an interflavonoid linkage to ring A, Holyneux et a l , 
believe that a radical i n i t i a l l y generated at C-^' in apigenin and 
delocalized attacks e lectrophi l ica l ly the electron C-6 or 0-8 
positions of the phloroglucinol ring of an intact apigenin molecule 
i . e . radical substitution occurs in preference to radical pairing. 
129 
Seshadri et a l , have carried out oxidative coupling of apigenin 
'f* ,7-dimethyl ether with f e r r i c chloride in boil ing dioxan and isolated 
a dimer in 6% yield whose properties suggest that i t is either Cg-Cg 
(V l l lh ) or Cg-Cg coupled bif lavone. 
OH 0 
( L X I l l ) 
129 
On the basis of these findings Seshadri et a l . have suggested 
that when hydroxy groups are protected by methylation(leaving only the 
5-OH group f ree ) * dimarization takes place through 6-or S-positions of 
A r ing . I t i s reasonable to expect that in nature adequate mechanism 
are available for protecting the bydroxyl groups and bringing about the 
coupling through the position in A r ing. 
R K N E 
Object of the present work; 
Our Inst i tute where these studies had been carried out is 
basical ly a medical research inst i tut ion of the eastern medicine 
devoted to research on natural products and related compounds. 
The flavonoids have been reported to have many important 
1 2 32 physiological properties,* In our Inst i tute , V i t e x i n ^ " " ^ (8-C-
p-D-glucopyranosylapigenin) was isolated from Ochrocrapus longi fo l ius^ 
Benth and Hook.f, (N.O,, Gutt i ferae) and Arnebia hispidissima 
(N.O..Boraginaceae) and studied for i t s pharmacological actions. I t 
was found to have a good hypotensive action of a very long duration* 
We therefore focussed our attention on the syntheses of some new 
bi f lavonoidal compounds in order to study their pharmacological actions 
in our Department of Pharmacology, The intermediate new compounds w i l l 
6 1 , 1 3 3 
also be screened for their actions. Chen et a l . have isolated and 
synthesised succedaneaflavanone which i s hexa-O-methyl-binaringenin and 
i t s didehydro derivative i . e . hexa-0-methyl-6-6"-biapigenin by a long 
route. Another synthesis of the 6,6"-l inked biapigenin hexamethyl ether 134 
has been reported more recently. Only these two 6,6"-linked bif lavonoids 
have been reported in the l i t e ra ture . We therefore decided to synthesise 
some new 6,6'l_linked bif lavonoids and establish their structures,During 
the course of these studies we have been able to synthesise many new 
compounds and have established th«»ir structures. 
Further the saponins have been found by our group of workers to have 
antiovulfitory effects?^^"^^^ The seeds of Pongamia glabra Vent, were 
invpstigpted inorder to isolate the snponins but the presence of saponins 
could not be confirmed in these seeds. Two more plants were investigated 
for their chemical constituents. The detai ls of a l l these investigations 
have been given under the sections>(a) Discussion and(b)Experimental work. 
D I S C U S S I O N 
( i ) S y n t h e t i c S t u d i e s 
( i i ) Phytochemical S t u d i e s 
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( i ) SYNTHETIC STUDIES 
Synthesis of bi f lavonoide 
The starting material f o r the synthesis of the 6,6" .bi f lavonoids 
was the 5,5*-dimer of the dimethyl ether of phloroacetophenone(LXVII) 
which was obtained from phloroacetophenone dimethyl ether(LXVI). 
2^^-dimethyl ether of phloroacetophenone(LXVI) 
Phloroacetophenone was prepared by Hoesch condensation of 
phloroglucinol with CH^ CN in dry ether in presence of ZnCl2 by passing 
dry HCl gas. The ketimine hydrochloride obtained in this way on 
hydrolysis with boi l ing water gave phloroacetophenone(LXV). I t s 
2,4-dimethyl ether(LXVI) was prepared by ref luxing i t with dimethyl 
sulphate(2 moles) in dry acetone in presence of anhydrous K^CO^ . 
CH3CN 
ZnCl2/HCI 
OH 
H p 
HO CHc 
HCl /CH. 
HO 0 
C L X V ) 
CCH3)2S04 
0 
/ C H 3 
C L X V l ) 
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Oxidative coupling of phloroacetophenone 2^4-dimethyl ether with 
Phloroacetophenone 2,4-dimethyl ether(LXVl) was oxidized by 
ref luxing with Pe(DMF)^Cl2 FeCli complex in aqueous methanol* The 
reaction mixture was worked up and the sol id that separated was 
col lected by f i l t r a t i o n in order to avoid the products which were 
soluble. I t was subjected to column chromatography leading to the 
separation of biephloroacetophenone dimethyl ether(LXVIl) j m.p, 190-92® 
from the unreacted monomer. A quick and more practicable separation was 
also done by treating the crude so l id with hot CClj^  in which most of 
the monomer and a l i t t l e amount of dimer was soluble. The insoluble 
residue gave the 5f5*-dimer(LXVII) on crysta l l isat ion from methanol.A 
l i t t l e more of the dimer was obtained by evaporating carbon tetrachloride 
and fract ional crysta l l i sat ion of the residue. The ident i ty of the dimer 
was established by T.L.C.^comparison with an authentic sample and by 
c mixed melting point. On acetylation i t gave an acetyl derivat ive m.p.155-57 
OCH. 
C L X V I ) 
OH 0 
- 3 
Fe(DMF)3 CI2 [ Fe CI4 
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Bisehalcone(LXVIII) 
The 5,5'- l inked dimer(LXVIl) was condensed with two moles of 
o 
anisaldehyde In a lka l i to y ie ld the bischalcone(LXVIII),m.p.189-91. 
The product exhibited absorbtions in the U.V, and v i s ib l e range, 
characteristic of chalcones, The'Vmax values at 3500( -OH), 1620 
(carbonyl of chalcones), 15'fO and 1505(aromatic) cm"^ were also in 
agreement for a chalcone. In the NMR spectrum in addition to methoxyl 
and aromatic proton signals, signal for four o l e f i n i c protons of 
159 
chalcones appeared at S7.75 as a s inglet confirming that the product 
is a symmetrical bischalcone. I t s identity as the correct bischalcone 
was established by mixed melting and Co-T.L.C. with an authentic sample. 
OCH3 0 
( L X V l l l ) 
OCH. 
Bisdihydroflavonol(LXIX) and bi6Bnrone(LXX) 
The bisdihydroflavonol and bisaurone were obtained by treating 
th«=> bisch8lcone(LXVIII) with H^Og in an alkaline meditim. 
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Reaction of bischalcone with H2O2 
The bischalcone(LXVIII) was dissolved in NaOH solution and 
treated with hydrogen peroxide under ice cold conditions. The product 
was isolated by usual work up and crystal l ised from methanol to give 
o 
two product6(A) si lky cream coloured needles, m.p. 200 and (B)bright 
o 
yel lov f ine n^'edles, m.p, I85 , 
BUchalc07)eCLXV///) 
C L X X ) 
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Compound A (biedihydroflavonol) 
I t gave a negative colour reaction with FeCl^ and a posit ive 
test with Mg/HCl for f lavonoids. The NMR spectrum of the product 
showed two doublets for two protons each at Sand^ 5 . 2 ( J = 1 2 h z ) . 
This is reminiscent of the signals due to H-2 and H-3 of the natural 
dihydroflavonols. The six oethoxyl groups appeared at two s i t e s , 
the high f i e l d one a t ^ 3 , 9 integrating for two methoxyls and the low 
f i e l d one for k methoxyls. The remaining protons appeared 
as expected, the singlet at 56,3 for two A ring protons^a doublet at 
^7.1 (J=9Hz) for four 3 ' » 5 i protons and a doublet at <$7,7 (J=9Hz) 
for the four 2»,6» protons. Hence this product i s formulated as the 
bisdihydroflavonol(LXIX). 
Compound B (bisaurone) 
I t gave a negative FeCl, and a negative Mg/HCl teat . I t was 
^ EtOH 
T,L.C. pure. The U.V, spectrum of this compound \ '•OO n®, i s 
'^max 
very similar to that expected for aurones. The formation of 
bisaurone i s not altogether unexpected as even monomeric chalcone 
with a methoxyl group at b-position generally gives an aurone(LXXI). 
Therefore the compound B is-th€bisaurone(LXX),The NMR spectrum of the 
compoundcould not be recorded due to i t s h i (^ ly insoluble nature in 
the available deuterated solvents. 
( L X X I ) 
Bo 
Hexa^~ae thyl- 6,6'Ubiapigenin ( LXXIV) 
The scheme adopted for the preparation of hexa-O-inethyl-6,6^ 
biapigenin was as fo l lows. 
O ^ C — ^ ^ V o C H . 
OH 0 
A^lSO-^i chlofdde 
OH ^ C L X V l l ) 
5^5'- bh/yhlo/u^aceio^hcTiove 
A 
OCH, 
^ C L X X I I ) 
o 
( L X X I l l ) 
B ! s - p - DtKefo-ne 
OCH, 
( L X X I V J 
.emu 
9G 
Biseeter(LXXII) 
^ e 5»5llinked dimer(LXVII) on treatment with two moles 
of anisoyl chloride in pyridine gave the bisester(LXXII ) m.p. 160-161°. 
I t showed a negative f e r r i c test «nd was T.L. C, pure. 
I t showed the expected signals in the NMR spectrum for the 
acetyl methyl grouping e tS2 ,k2 (6H)t A l l the methoxyls appeared as a 
broad unresolved peak at 53.8'f. In the aromatic region the lone aromatic 
proton signal was at S 6,k2 and the A^B^ system as doublets at <$6,92 
andS8.1(js:9Hz). A l l the above signals are in accord with the proposed 
structure(LXXII) . 
Attempted preparation of bis-p-diketone(LXXIII) 
The bisester(LXXII ) was heated with powdered KOH and anhydrous 
pyridine for 3 hours in order to convert i t into the bis-p-diketone by 
the Baker-Venkataraman rearrangement. On crysta l l isat ion from methanol 
yellow crystal l ine mass, m.p. 210-12°ijgRg obtained. The compound was 
found to be T.L. C. pure, ' 
For lack of so lub i l i t y , the spectrum could not be recorded in 
CDClj. I t was therefore recorded in a mixture of CDCl^  and TPA. The NMR 
spectrum showed an unsymmetrical structure fo r the product. The 6 metho-
xyls appeavadass peaks at i 3.72 (3h),i3.76 (3h), s 3.8(6h), s 4.0(3h) 
'f.1(3h). The rpason for the unsymmetrical nature could at on§e be 
real ised when there was a peak atS 2,6 as a s inglet integrating for 
3 protons. This could be ascribed to the acety l methyl function thus 
indicating that the B.V. rearrangement had taken place only in one of 
the moieties of the above d iester . The same feature was re f l ec ted in the 
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aromatic region of the spectrum also by the presence of the 
k doublets of the two ^-disubstituted aromatic rings (S 6,88, 
^7,06,67,85 and S 8,0 ) , The two aromatic protons of the 
phloroglucinol rings appeared as two singlets at 5 6 ,78 ''6,Hence 
the product is formulated as (LXXV), 
OCH. 
( . L x x v ; 
Cyclisation of the above monoester monodiketone(LXXV) with acetic 
acid and sodium acetate; 
The monoester monodiketone(LXXV) was refluxed in g lac ia l acetic 
acid with fused sodium acetate for 3 hours. On dilution with water ayellow 
solid was obtained which on crystal l isat ion from methanol 
had .m,p. 175-76°, I t gave a positive Mg/HCl test for flavonoids. 
As this compound was insoluble in CDCl^, the NMR spectrum was 
recorded in CDCl^  with one drop of TFA, The spectrum of the compound 
again showed thf unsymmetrical nature which ie in accord with the 
expected monoester monoflavone structure . ^ e acetyl group appeared 
as a singlet at S 2.^2, The 6 methoxyls appeared as 'f peaks at 
S3 
S3*?'* (3H), S3.8(6h),($3.82(3H) and Si».0(6H). In the aromatic 
region, the two phloroglucinol (trioxygenated r ing ) protons appeared 
as two s inglets atS6.36 and The two were present 
as 4 doublets, the two high f i e l d doublets centred at 56.9 andS7.0 were 
par t ia l l y overlapped while the lower f i e l d doublets were just resolved 
and appeared centred around ^ 8 , 0 . The H-3 of the flavone unit appeared 
as a s inglet at<5 7*05 in accord with the fol lowing structure(LXXVI). 
0 
0 H CO 
OCH3 0 
OCH. 
( L X X V I j 
As in the ear l i e r reaction from the bisester we could obtain 
only the monoester monodiketone(LXXV) and by subsequent cycl isation 
monoester monoflavone, i t was therefore, considered worthwhile to 
change the reaction conditions in order to obtain the required b is -
^-diketone(LXXIII ) and the bisflavone hexa-methyl ether (LXXIV). 
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B l 8 - p - d i k e t o n e ( L X X I I I ) 
The bisester(LXXII) was converted into biB-p-diketon<LXXIII) 
by Baker-Venkatraman rearrangement in the jMPesence of powdered 
potassium hydroxide and anhydrous pyridine. The heating was continued 
this time for k hours instead of 3 hours. On crystal l is ing from 
methanol, the bis-p-diketone was obtained in the form of yellow needles 
m.p, 190°. On T.L.C, examination i t was found to be a single ent i ty . 
The NMR spectrum of the compound showed a broad signal 
for 6 methoxyls at^3.9 (1Bh ), the phloroglucinol ring protons at 
(2H) and a k^B^ system as doublets atS6,96 (J=9Hz) and 
S8.0 (J=9H2) for 4 protons each. All thfisedata WBrein accord with the 
assigned structure(LXXIII) for the bis-p-diketone, 
H e x a - 0 - m e t h y l-6,6 ' U b i a p i g e n i n ( L X X I V ) 
The b i B f l a v o n e ( L X X I V ) was obtained by r e f l u x i n g the mixture 
of b i s - p - d i k e t o n e and fused sodium a c e t a t e i n g l a c i a l a c e t i c a c i d . The 
product on c r y s t a l l i s a t i o n from methanol gave very l i g h t yellow needles^ 
m,p, 220° which d i d not g ive any c o l o u r with F e C l ^ , The compound was 
T , L , C . pure. 
Due to poor solubi l i ty of the compound in CDCl^^one drop of 
TFA was added for recording i t s NMR spectrum. The spectrum showed three 
sharp singlets at ^3.92, and^^f.ai accounting for 18 protons 
in the methoxyl region and two doublets at<$ 7.2 and <5 8,12(J=9H2) in 
the aromatic region typical for 82' system and two other singlets 
at andS7,02 for H-3,H-3" and H-8,H-8" respectively. These data 
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neatly account for a symmetrical bi f lavonoid structure(LXXIV). As 
this compound was d i f f e rent from cupressuflavone hexamethyl ether in i t s 
melting point and T.L.C, examination, i t was therefore formulated as 
6,6'L linked dimer. Final ident i ty of this compound was established by 
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T.L.C. comparision with an authentic sample made .fjcom bischalcone with SeO^ 
end I .R. spect»a which were superimposable. 
Cyclisation of the bischalcone (LXVII I ) with SeO^ to give hexa^p^methyl-. 
6,6'*- b it-api genin ( LXXIV) 
The bischalcone was refluxed with SeOj in isoamyl alcohol to give 
the hexamethyl ether of bicapigenin m.p. 220°, i t was found to be 
identical in a l l respects with the compound(LXXIV) prepared by the 
cycl isat ion of the bis-p-diketone(LXXIII ) . 
I t i s worth mentioning here that the cycl isation o f the bis-^-
diketone(LXXIII) with fused sodium acetate in g lac ia l acetic acid gave 
better y i e ld o f the bisflavone(LXXIV) than the cycl isat ion of the 
bischalcone(LXVIII) done with Se02. 
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P r e p a r a t i o n o f B is j . sof lavone(LXXX) 
The f o l l o w i n g scheme ?/as adopted f o r the p r e p a r a t i o n of 
the b i s i s o f l a v o n e , 
B i s c h a l c o n e ( L X V I I T ) 
Ben/.yl c h l o r i d e 
OCH-
H3CO 
OCH, 
0 H3CO 
O C H g O ( L X X V l l l ) 
BF3 e t h e r ATE 
OCH, 
a X X I X ) 
OCH 
( L X X X ) 
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Dibenzyl biBchalcone(LXXVII) 
I t was prepared by benzylation of the bi8chalcone(LXVIII) 
with benzyl chloride in the presence of potassium iodide and 
potassium carbonate in dry acetone. The yellow mass on c rys ta l l i sa t i on 
from methanol gave yellow cubic crystals of the dibenzyl bischalcone 
(LXXVII)^m.p. The compound gave a negative f e r r i c 
t e s t . I t was found to be a s ingle ent i ty on T.L.C. examination. 
The NMR spectrum showed 6 methoxyls p8 two s ing le ts at 
, 6 5 ( 1 2 H ) , ^ 3 . 8 ( 6 h ) » benzylic methylenes^ In the aromatic-
region there was a s ing le t a t 6 , 3 f o r two protons assignable to the 
protons of the trioxygenated aromatic r ing . 
Theo<.-proton of the chalcone moiety appeared as a doublet ( J=16h z ) 
at 56.8 and the 3*5 protons of the two ^-disubstituted aromatic rings 
appread as a doublet (j=9Hz) at <$6,75» The remaining protons appeared 
as a complex multiplet between 57,1 and because of overlapping. 
This i s in accord with, the structure(LXXVII) . 
Dibenzyl bischalcone epoxide(LXXVIII) 
The above dibenzyl bischalcone was disolved in acetone and 
then reacted with ^^ presence of aqueous NaOH. The dibenzyl 
bischalcone epoxide separated out as a so l id which was crys ta l l i sed 
from methanol to give l i gh t cream coloured needles m.p.^llO®, On T.L.C. 
examination i t was found to be a pure product. 
In the NMR spectrum of the epoxide, the chracter is t ic s ignals 
due to o l e f i n i c protons of the chalcone were absent and replaced by 
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unresolved multiplet aroundi^3.^ for the oxirane protons. The other 
expected signals were present such as the methoxyls at 7, ^3,86 
the methylene of the benzyl group at 65,0, aromatic protons at^G.k^ 
AgBg system^6,8 and 87 , 1 and the protons of the unsubatituted phenyl 
ring 68 multiplet centred atS7,35» 
In the I .R, spectrum, the yCsO group was present at I67O eo» 
BisiBoflavone(LXXIX) 
A solution of the epoxide in benzene was treated with BF^-etherate 
at room temperature. The residue obtained by usual work up was hydrolysed 
with acet ic acid and HCl. I t was diluted with water and extracted with 
ether to give a compound which on crysta l l isat ion from methanol gave the 
bisisof lavone as colourless needles, m.p, 175-76°. I t was T.L. C. pure 
and gave a posit ive test with f e r r i c chloride. 
I t s NMR spectrum showed only 4 methoxyls as two s inglets a t ^ 3 . 9 
and 
instead of the expected 6 methoxyl groups. In view of the posi t ive 
f e r r i c colour reaction, i t appears that the two methoxyl groups at 5,5*1 
positions of the expected product must have undergone demethylation. I t is 
not eltogether surprising since electron de f i c i ent boron tr ihal ides are 
" Iso known ^s demethylating agents. 
The aromatic region of the spectrum is fu l l y in accord with the 
bisisof lavone structure expected for the product,A-ring protons as a 
s ing le t at 6,52, A^Bj system as a pair of doublets a t5 6.95 and <§7.5, 
and the C-2 proton a t S 7 . 9 . Hence this product is formulated as (LXXX), 
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( l i ) PHYTOCHEHICAL STPDIES 
A " Pedalium murex Linn. ( N«0» Pedaliaceae); 
Pedalium i s a small genus o f herbs with i t s distribution 
in tropical A f r i ca , Ceylon, India and Mexico, One species Pedalium 
murex occurs in India, I t i s loca l ly known as Bara-gokhru, In the 
indigenous system of medicine, an infusion of i t s leaves and stems 
i s used in gonorrhoea and dysuria. The f ru i t s are reported to be 
demulcent, d iure t ic , antiseptic and aphrodisiac, A decoction of the 
f ru i t s i s given f o r incontinence of urine, spermatorrhoea, nocturnal 
emission and impotency. The juice of the f ru i t s i s considered 
eraroenagogue and useful in puerperal diseases and for promotion of 
lochial discharges. In view of the important medicinal properties 
attributed to this plant, the chemical investigation of the f ru i t s was 
taken up. 
The f ru i t s of Pedalium murex were purchased from M/S Hamdard 
Dawakhana(Wakf) Delhi^and powdered. The powdered fruit6(100 gms) were 
exhaustively extracted with ethanol ( 95 5!^  ) in a soxhlet apparatus. 
The alcohol ic concentrate gave the usual tests f o r f lavonoids. Thin 
layer chromatography of the concentrate showed one major and several 
minor spots. A l l attempts to crysta l l i se this concentrate did not 
succeed. I t was therefore added to an excess of water and extracted 
several times with ether. A l l the ethereal extracts were combined 
together and dried over sodium sulphate. Recovery of the solvent gave 
a semi-solid mass which was repeatedly crysta l l ised from methanol to 
y ie ld a yellow compound m.p. '^500°, On T.L.C. examination i t was found 
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to be a single ent i ty . The T.L»C. of the mother liquor showed the 
presence of some more flavonoids in minor quantit ies. Further work 
fo r the isolat ion and characterisation of these minor components i s 
in progress. The above compound m.p, ^^300° on U.V. examination gave 
the fol lowing results . 
\HeOE 255, nm; V^^^b 270(Sh) , 330. h20 nm; 
/^ max Ai ^max 
AlClj^HCl 275^ 355^ 385 270.370nm; yN^OH+H^BOj 260, 
A max A max A max 
325, 370 nm 
These sppctml sh i f t s indicated the presence of a 5-hydroxyl, 
7-hydroxyl and a cstecholic unit in a flavone nucleus. On acetylation 
with acet ic anhydride and pyridine i t gave an acetate m.p, 220-22**, A l l 
the above physical and spectral data of the compound agreed well with 
those of luteolin(LXXXI). Final identi ty of the compound as luteol in was 
established by co-thinlayer chromatography and I .R . spectra which were 
superimposable in a l l respects. 
(L X X X I ) 
10 u 
B-Pongamia g l a b r a Vent« (N.O. Leguminosae); 
I t i s commonly known as K a r a n j a . I t s seeds a r e used i n 
the indigenous system of treatment as e x t e r n a l a p p l i c a t i o n i n s k i n 
d i s e a s e s . An o i l from the seeds i s u s e f u l i n cutaneous a f f e c t i o n s , 
herpes and s c a b i e s . I t i s r e p o r t e d to be u s e f u l i n rheumatism a l s o . 
I t s seeds and r o o t s are used a s f i s h p o i s o n . The p l a n t s h a v i n g f i s h 
poison p r o p e r t i e s g e n e r a l l y c o n t a i n s a p o n i n s , A survey of the 
l i t e r a t u r e showed that t h i s p l a n t has not been i n v e s t i g a t e d f o r i t s 
saponin c o n s t i t u e n t s , We t h e r e f o r e s t a r t e d our i n v e s t i g a t i o n s to 
a s c e r t a i n i f the seeds c o n t a i n s a p o n i n s . The seeds were c o l l e c t e d 
l o c a l l y and the powdered k e r n e l s were d e f a t t e d with petroleum ether 
and then e x h a u s t i v e l y e x t r a c t e d with e t h n n o l . On l e a v i n g the a l c o h o l i c 
c o n c e n t r a t e f o r s e v e r a l days i n a r e f r i g e r a t o r a brown s e m i - s o l i d mass 
s e p a r a t e d out which was f i l t e r e d and c r y s t a l l i s e d s e v e r a l times from 
aqueous methanol to give rhombic c r y s t a l s m 1 8 5 - 8 7 ° , The compound 
d i s s o l v e d e a s i l y i n water but was s p a r i n g l y s o l u b l e i n e t h a n o l and 
i n s o l u b l e i n e t h e r . I t answered t e s t s f o r c a r b o h y d r a t e s . On a c e t y l a t i o n 
with a c e t i c anhydride and sodium a c e t a t e , i t gave an a c e t y l d e r i v a t i v e 
m,p, 88-89**, The parent compound m.p, 1 8 5 - 8 ? ° did not show any d e p r e s s i o n 
i n m e l t i n g p o i n t on mixed m e l t i n g with an a u t h e n t i c sample of s u c r o s e . 
The I , R , s p e c t r a of the sample and sucrose were s u p r i m p o s a b l e , F u r t h e r 
examination of the a l c o h o l i c concentrate d i d not confirm the presence of 
s a p o n i n s and hence the s t u d i e s were stopped a t t h i s stage o n l y . 
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C- Leea indica Merr i l l ( Vitaceae) 
Leea is a genus of email trees, shurbs or herbs distributed 
in the tropical and subtropical regions. About 20 species of Leea 
are found in India, i t i s loca l ly known as Kurkur-gihwa , The plant 
has been reported to have important medicinal values in the indigenous 
system of treatment. I t s roots are used in diarrhoea, dysentry,colic 
and as sudor i f i c . The leaves are roasted and applied to the head in 
vert igo • A survey of l i terature showed that no work has been done 
on this plant. 
The fresh leaves of Leea indica were col lected from Suraj-kund 
garden. The leaves were dried under shade and the powdered leaves were 
exhaustively extracted by ref luxing with ethanol. The ethanolic concen-
trate^ which was a viscous greenish messjon extraction with petroleum 
ether l e f t an insoluble residue which was marked as f ract ion (A ) , The 
petroleum ether extract on recovery of the solvent l e f t a dark green 
residue which was marked as fraction (B) , 
1- The fract ion (A) gave a posi t ive test for the presence of flavonoids 
by Mg/HCl, ammonia vapour and FeCl^, On T,L,C. examination i t was found 
to be a mixture of at least four components. A l l attempts to puri fy this 
mixture did not succeed and f ina l l y the separation was attempted by 
preparative thin layer chromatography, but this also did not work sat is -
fac tor i l y and therefore further studies were not carried out. 
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2- The f ract ion(B) was dissolved in ethanol and passed through 
a bed of animal charcoal. The f i l t r a t e on concentration gave a 
small quantity of a crysta l l ine mass which was recrysta l l ised to 
give colourless needles m.p. 258-60°, I t was T.L.C. pure and 
gave a posi t ive Liebermann-Burchard reaction. On acetylation and 
o 
usual work up, i t gave an acetate m.p. 220-22 . The acetyl derivat ive 
on methylation with diazomethane pave the acetyl methyl ester m.p,225®. 
The parent compound m.p. 258-6O® was also methylated with diazomethane 
to give the methyl ester m.p. 121®. 
The I .R. spectrttTnof the parent compound in KBr showed hydroxyl 
.1 
stretching frequency at 3500 cm and a carbonyl stretching frequency 
at 1700 cm"'' and was devoid of any exomethylene double bond absojrption. 
Last evidence ruled out the poss ib i l i t y of the lupene skeleton. The 
NMR spectrum of the acetyl derivative m.p. 220-22° showed 7 methyls in 
the range of ^0 .8 - 1.1, one acetoxyl at S 2.15, a protoncK,-to acetoxyl 
as a multiplet centred around and an o l e f i n i c proton centred at 
5.5 as an unresolved broad s ignal . The position of the signal due to 
the protonoC-to the acetoxyl i s more in agreement with normal series 
of the compounds i . e . Jp-OH. The NMR spectrum of the acetyl methyl ester 
m.p, 225° showed a l l the essential features mentioned above and contained 
an ester methoxyl signal a t ^ 3 « 6 . These data show the parent compound 
to be monohydroxy monocarboxylic tr i terpene, possibly belonging to the 
oleanene or ursene skeleton. 
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A comparison with the known monohydroxy monocarboxylic acids of 
the oleanene and ursene series showed this compound to be d i f f e rent 
from these. Because of the paucity of the material further work to 
decide the position of the carboxyl group could not be carried out. 
EXPERIMENTAL WORK 
( i ) Synthetic studies 
( i i ) Phytochemlcal studies 
The NMR spectra were recorded in CDCl^  at the Chemistry 
Department, University of Delhi, Delhi on Varian A-60 and 
Perkin Elmer R-32 (90 MHz) instruments. The S values are expressed 
as ppm. from tetramethylsilane as internal reference., 
The Si l ica gel used for TLC was from M/S Acme Synthetic 
Chemicals^ 308-Veer Savarkar Marg,Bombay-'f00028^India. The T.L.C. 
solvent systpms used were toluene- e ihyl formate-formic a c i d ( 5 : 1 ) 
and benzene-pyridine-formic acid(36:9:5)» These solvent systems 
for the sake of convenience have bpen referred to as T. E.F and 
B.P,F respectively in the text matter. 
The melting points were recroded in a l iquid paraf f in bath. 
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( i ) Synthetic Btodles 
Preparation of Phloroacetophenone; 
A mixture of dry phloroglucinol (25 gm), acetoni tr i le (20,5 >nl)» 
sodium dried ether (1CX) ml) and f ine ly powdered fused zinc chloride 
(5g) was cooled in i ce -sa l t mixture and a rapid stream of dry HCl gas 
was passed through the solution fo r 3 hrs with occasional shaking. The 
f lask was allowed to stand in an ice-chest for 2k hours. The ether was 
decanted o f f from bulky orange yellow precipitate of the ketimine 
hydrochloride. The so l id was wahsed with a small amount of dry ether 
and transferred with the aid of 200 ml of hot water to a round bottom 
f lask. The solution was vigorously boiled for 2 hrs, and allowed to stand 
overnight. The pale yellow needles of phloroacetophenone that separated 
were f i l t e r ed and dried. I t crysta l l i zed from hot water to give f ine 
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yellow needles (22 gm) m.p. 218®-219® ( L i t . 219°). 
I l l 
Phloroace toph»none-2 , m e thy 1 e ther; 
A mixture of phloroacetophenone(lO gm), freshly d i s t i l l e d 
dimethyl sulphate (12,5 n l ) »nd anhydrous potassium carbonate(22 gm) 
in dry acetone (500 ml) was refluxed t i l l the T.L.C. was homogeneous 
(6 hrs ) . The mixture was cooledjinorganic salts were f i l t e r e d and 
washed with hot acetone. The f i l t r a t e and washings were combined, 
concentrated, end crushed ice added to the residue and l e f t in the 
re f r i gera tor overnight. The so l id that separated was f i l t e r e d , washed 
with ice cold water and dried. Crystal l isat ion from benzene-petroleum 
ether afforded colourless needles of the 2,V-dimethyl ether of 
o 
phloroacetophenone (8.5 gm), m.p. 87-88 ( L i t . 85-8 )• 
t . ^ 1 4 4 
Preparation of Fe(DMF)^Cl2 PeCli^ 
To a solution of anhydrous f e r r i c chloride (163 g', 1 mole) 
in dry ether (1.6 l i t r e ) , dimethyl formamide (110 gm, 1,5 mole) was 
added under ice cold conditions very slowly and with vigorous s t i r r ing 
during six hours. The contents were l e f t in an ice-chest fo r 3 hrs. 
The precipitated solid was f i l t e r ed and washed wel l with dry ether. I t 
was recrysta l l ised from methylene chloride and ethyl alcohol to give 
yellowish green needles (260 gm), m.p, 220®. 
^ (KBr 2938, 1660, l48o, 1425, 1355, 12'f5, 1120, 1052, 70O c w ^ 
V'max 
1 1 2 
Oxidative coupling reaction of phloroacetophenone-*2^^-dlmethyl 
— 
ether using Fe(DMF)^Cl2 FeClj^ 
Phloroacetophenone-2,^-dimethyl ether( 't.9 gm) was dissolved 
in methanol (100 ml) and to this was added a solution of iron complex 
gm) in water (100 ml) with shaking. The reaction mixture was 
refluxed for ^ hre, ©nd then methanol evaporated under reduced pressure, 
crushed ice was added to the residue followed by the addition of 1:1 
HC1(150 ml) with vigorous s t i r r ing and warmed on a water bath. The 
contents were l e f t overnight in the ice chest. The so l id that separated 
was f i l t e r ed and wash^ d^ with water, pure dimer was obtained by the 
fol lowing two methods: 
F irst method of separation 
The dry sol id was subjected to colouran chromatography over 
s i l i c a ge l (60 gm). 
Fraction A (Phloroacetophenone-2,'f-dimethyl ether) 
Elution with benzene petroleum ether (1:1)^fract ions( 1 to 11)^  
gave a white so l id crysta l l i s ing from benzene-petroleum ether as colour-
less cubes (500 mgm) m.p. 87-88? i t gave a brown colour with alcoholic 
f e r r i c chloride and a brownish black colour on heating with sulphuric 
acid. I t compared with the authentic sample of phloroacetophenone 
2,'f-dimethyl ether on T.L.C. (benzene) examination. The identity was 
further confirmed by m.m,p. with an authentic sample. 
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Fraction B (Bisphloroacetophenone-2, '^-dimethyl e ther ) . 
Benzene eluatee ( f ract ions 12 to 30) yielded a very l ight 
green so l id , crysta l l i s ing from benzene-petroleum ether as very l i ght 
o 
green needles (1.7 gm), m.p» 190-92 . I t showed a l i ght brown colour 
on T.L.C, a f t e r spraying with 2.% aq, sulphuric acid, and a reddish 
brown colour on spraying with alcoholic f e r r i c chloride. I t was soluble 
in acetone and dioxane and sparingly soluble in chloroform and insoluble 
in petroleum ether. I t compared with an authentic sample of bisphloro-
acetophenone-2,'f-dimethyl ether on T.L.C, (^enzene). The identi ty was 
further confirmed by m.m.p, with an authentic sample. 
Second method of separation 
The crude sol id (1 gm) was treated with hot CCli^  and the soluble 
portion was separated from the residue by f i l t r a t i o n . The insoluble 
residue af forded pure dimer m.p, 190-92° on crysta l l i zat ion from 
methanol(650 mgm), A l i t t l e more of the dimer (100 mgm) could be obtained 
by evaporating carbon tetra-chlor ide, followed by the fract ional crysta-
l l i sa t i on from methanol, 
Acetylation of bisphloroacetophenone-2,4-dimethyl ether 
Bisphloroacetophenone-2,tf-dimethyl ether{50 mgm) was dissolved 
in acetic anhydride (1,0 ml) and freshly fused sodium acetate(1,0 gm) 
was added to i t . Thp reaction mixture was refluxed for 3 hrs. I t was 
poured over crushed ice and l e f t for 2 hrs. The sol id which separated 
was f i l t e r ed and wnshed with wat^r. I t crysta l l i zed from benzene-
o 0 
petroleum ether as colourless needles( ®gi») m.p. 155-57 ( L i t , 155-57) 
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Preparation of Bischalcone(LXVIII) 
To a solution of bisphloroacetophenone-2,'f-dimethyl ether 
(1 gra, 0.0025 mole) in ethanol (100 ml) was added anisaldehyde 
(700 mgm, 0.005 mole) with s t i r r ing and then a solution of K0H(2,12 gm) 
in water(2,2 ml) was added dropwise while s t i r r i n g . The reaction 
mixture was covered with petroleum ether(50 ml) and l e f t at room temp, 
f o r 72 hrs, with occasional shaking. Ice cold water(100 ml) was added 
to i t with s t i r r i n g . I t viae extracted with ether to remove unreacted 
anisaldehyde rnd the aqueous Inyer was ac id i f i ed with 1:1 HCl to give 
an orrnge coloured so l id which WPS f i l t e r e d , rushed r i t h 10?^  NaHCO^ 
solution to remove Pnisic Pcid Pnd f i na l l y i t res washed with water, 
dried '^ nd crys ta l l i sed frorr- methProl to give the bischalcone as deep red 
needles(9O0 mgm), m.p, 189-91°. Mo depression in melting point was 
observed on mixed melting witb. an authentic sample. 
Spectral data 
1) 
KBr 3 5 0 0 ( - o h ) , 1 6 2 0 ( - C - ) , 15^0 and 1505 (aromatic)cm"' ' 
max 0 
NHK(CDC1^, S ) 
7 .75(B ) ; 7 .5^(d, j r9 l l z ) ; 6,9(d, J=9Hs); 6 .0 (s ) ;5,89(broad s ) 
and 3,73(6 ) , 
Ana l y s i s 
Found G 69.22?^ H 5-75^ 
ca lc , for C 69.0^ H 3,^3% 
l l o 
Reaction of Bi6chalcone(LXVIII) with V.^ O^ 
Bischalcone(500 ngm) wss dissolved in 1N NaOH(50 ml) . The 
solution was cooled in an i c e - sa l t bath and when s u f f i c i e n t l y cold 
1.0 ml, o f HjOg COO vo l ) was added into i t and the contents were 
l e f t in the ice-chest for 72 hrs. Another 1ml. of H2O2 was added into 
the reaction mixture and kept in an ice-chest for another 2k hrs. 
A f t e r this period g l ac i a l ace t i c acid nas added dropwise to neutral ize 
the a l k a l i , while not allowing the temperature to r i se above O^C. 
The precipitated so l id was f i l t e r e d , washed with water,dried 
and f rac t iona l l y cryr ta l l iBed from methanol to g ive the bisdihydro-
f lavonol (LXIX) m.p. 200® which gave a pos i t i ve tes t with Mg/^Cl for 
f lavonoids and a negative FeCl^ colour test^and a bisaurone(LXX) m.p.185* 
The bisaurone gave a negative FeCl^ test and a negative Mg/HCl t e s t . 
A few crysta ls on treatment with one drop of conc. H2S0^ gave a red 
colour character ist ic of the 'f'-methoxy » A^rones. 
Spectral data for bisdihydroflavonol(LXIX) 
NMR {.cnciyS ) 
7.7(d=j=9Hz); 7.1(d, j=9Hz) ; 6 . 3 ( s ) ; 5.2(d,j=12Ha)j 
if.if(d,J=12Hz); i t .1(8) ; 3 . 9 ( s ) . 
Analysis 
Found C 65.32^ H 
ca lc . for ^ 65.65% H 5.16% 
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Spectral data for bi8aurone(LXX) 
\ EtOH 380( in f ) , kOO n.m. 
'^max 
Analysis 
Found C 69.19% H 5.1% 
Calc. for C36H^o°10 ^ 69.45% H 4.82% 
Hex«-0-methyl-6^6"-.bifeplgenin(LXXIV) 
(a ) Through Bakfr-Venkataraman procedure; 
Anisoyl chloride 
Thionyl chloride( 8.0 gm) was added to anisic acid 
( 5 . 0 gm) and the mixture refluxed for one hour. Excess of thionyl 
chloride was removed under reduced pressure and the residue was 
dissolved in petrol and f i l t e r ed , ^ e f i l t r a t e was concentrated and 
o 
l e f t in the fridge to give the low melting anisoyl chloride m.p. 20-21 , 
( L i t . 22° ) . 
Bisester(LXXII) 
A solution of bisphloroacetophenone tetramethyl ether(LXVII) 
(1.0 gm) in dry pyridine (6.0 ml) was prepared in a dry test tube 
f i t t ed with a CaClg tube. To i t was added anisoyl chloride( I .5 gm) and 
the mixture heated on a boil ing water bath for 3 hours. The cooled 
reaction mixture was poured into dilute hydrochloric acid. A precipitate 
separated out, which was f i l t e r ed , washed with water and then with 
10% NaHCOj solution inorder to remove th*» anisic acid formed during 
the work up. I t was P^ain washed with watpr and dried. On crystal l isat ion 
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from methanol, i t gave yellow needles (1.2 gms.), m.p, 160-61° 
Spectral data 
NMR (CDCl^, ) 
a.ifSCe)} 3.8'+(broad s)? 6. i f2(s) ; 6.92(d,j=9Hz); 
8.1(d, J=9Hz). 
Anelysis 
Found C 65.32^ H 5.2^ 
ce lc . for CjgHji^O^j ° 6 5 . H 5.169$ 
Monoeeter monodiketone(LXXV) from bisester(T.XXII) 
The bisester(500 mgm) was dissolved in dry pyridine(6,0 ml). 
Powdered K0H(500 mgm) was added to it .The reaction mixture was shaken 
for 3 hours with occasional warming,It gradually turned viscous due to 
the separation of a yellow sa l t . After completion of the reaction the 
contents were diluted with ice cold water and the cooled aqueous 
solution ivas poured into d i l . HCl. A yellow precipitate was obtained, 
which was f i l t e r e d , washed with water and dried. On crysta l l isat ion from 
methanol, a yellow compoundC^OO mgm) m.p. 210-12° was obtained which 
gave a l i ght brown colour with FeCl^. I t was ident i f i ed as monoester 
mon od ike tone (LXX V), 
Spectral data 
NMR (CDCl^ + one drop of TFA,5 ) 
2 ,6 ( s ) ; 3.72(s) ; 3 .76 (s ) ; 3 .8 ( s ) , ^+.0(8); ' f . l ( s ) ; 
6 . 7 8 ( 8 ) ; 6.88(d), 7,06(d); 7 . 1 6 ( S ) ; 7.85(d); 8 .0 (d ) , 
Analygie 
Found C 65.525^ H 5.31^ 
ce lc . f o r C^gHji^ O^g ^ 65.65^ H 5.16^ 
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Cyclisation o f the above monoester monodiketone(LXXV) with 
acetic acid and sodium acetate 
The above monoester monodiketone(LXXV, 500 mgm) was 
dissolved in g lac ia l acet ic acid(10,0 ml) . Fleshly fused sodium 
acetete(900 mgm) was added to this solution and the reaction mixture 
was re fluxed on an o i l bath at a temperature of 150-160° fo r 3 hours. 
The cooled solution was diluted with water when a prec ip i tate was 
obtained, I t was f i l t e r e d , washed with water and crys ta l l i sed from 
methanol as yel low needles(^fOO mgm) m.p. 175-76°, I t did not g ive 
any colour with f e r r i c chlor ide. On treatment with Mg/HCl i t gave a 
pink colour. I t was i den t i f i ed as monoester monoflavone(LXXVI), 
Spectral data 
NMR(CDC1^,S ) 
2 . i f2 (s ) ; 3.7'+(6); 3 .80 ( s ) j 3 ,82 (s ) ; i f .O(s) ; 6 ,36 (s ) ; 
6.61f(e); 6 ,9 (d ) ; 7 .0 (d ) ; 7 .05 (s ) ; 8 .0 (d ) . 
Bis-^-diketone(LXXIII ) from b isester (LXXI I ) by Baker-Venkataraman 
rearrangement ; 
To a solution of the bisester(500 mgm) in dry pyridine(6,0ml) 
was added powdered potassium hydroxide (500 mgm). The reaction mixture 
was Bhaken with occasional warming. I t gradually turned viscous due to 
the GeparPtion of the yellow potassium sa l t of the dike tone. A f ter 
four hours, i t was diluted with ice cold water and the cooled aqueous 
solution was poured into d i l . l IC l , A yellow prec ip i tate was obtained 
whicb was f i l t e r e d , washed with water and c rys ta l l i s ed from methanol 
as yellow solidCfOO mgm), ra,p, 190°, I t gave a green colour with f e r r i c 
chlor ide . 
i i a 
Spectral data 
r 
3.9(broed e ) ; 6.'+5(b); 6.96(d,Jr.9Hz); 8,0(j=9Hz) 
NMR (CDClj,S ) 
Analysis 
Found C 66.01^ H 5.08^ 
ca lc . for CjgH^i^O^g ^ 65.65^ H 5.16?^ 
Hexa-o-methyl~6,6"-biapigenin(LXXIV) from bis- f t-diketone(LXXII I ) 
To a solution of the diketone(500 m^n) in g l ac ia l acet ic 
acid(10,0 ml) was added freshly fused sodium acetate(900 mgiD),The 
reaction mixture was ref luxed on an o i l bath f o r k hrs, at a tempera-
ture of 150-160°, The cooled solution was diluted with water. The 
prec ip i ta te so obtained, was f i l t e r e d , washed with water, dried and 
c rys ta l l i s ed from methanol as yellow needles^tOO mgm), m.p. 220®. I t 
gave a deer) pink colour with Mg/HCl and a negative tes t with f e r r i c 
chlor ide. 
S p e c t r a l data 
TOR (CDClj + one drop of TFA) 
3 .92 (s ) ; I f .15(6); ^^.21(6); 6 .84(s ) ; 7 .02 (s ) ; 
7.2(d=j=9Hz); 8.12(d,j=9Hz) 
Analysis 
Found C 69.62$^ H 5.l5s 
ca lc . f o r C g^H^QO^Q C 69.^ 5^95 H k,82% 
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(b ) From the bi8Chalcone(IJ(f I fU by Se02 
The bischalcone (yfiiiOmgm) was taken in dry isoamyl alcohol 
(20,0 ml) and to this f reshly sublimed selenium dioxide(800 mgm)was 
added. The mixture was ref luxed fo r 50 hours and then f i l t e r e d while 
hot to remove the precipitated selenium. To the f i l t r a t e was added 
methyl alcohol and the contents boiled in order to remove isoamyl 
alcohol . The process was repeated (addition of methyl alcohol and 
bo i l i ng ) in order to remove as much isoamyl alcohol as possib le . 
Petroleum ether was added to the remaining solution and the so l id which 
separated out was f i l t e r e d , washed with petroleum ether to remove the 
traces of isoamyl alcohol and dried. I t c rys ta l l i sed from methanol 
to give yellow npedles (400 mgm), m.p, 220°, I t gave a pos i t ive test 
for f l f vono ids with Mg snd HCl and a negative f e r r i c chloride react ion. 
I t WPS ident ica l in a l l respects with the sample of hexa-O-methy1-6-6"-
biepigenin prepared by the f i r s t method ( page''19 ) , 
preparation of bisi6oflavone(LXXX) . 
Dibenzyl bischalcone(LXXVII) 
A mixture o f bischalcone(LXW^/) (500 mgm), f reshly d i s t i l l e d 
benzyl chloride (kOO mgm), anhydrous potassium carbonate(1,0 gm) & 
KI(500 mgm) in dry acetone was ref luxed fo r hours ( t i l l i t showed 
a negative FeCl^ t e s t ) . The mixture was cooled, inorganic sal ts were 
f i l t e r e d o f f and washed with hot acetone. The f i l t r a t e and the washings 
were combined together and evaporated to dryness. An o i l y mass was 
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l e f t out which was careful ly washed with petroleum ether several 
times. A f t e r sometime this o i l y mass s o l i d i f i e d , which on c r ys ta l l i s a -
o 
t ion from methanol gave yellow cube l ike crystals (350 mgm), . 
I t did not give any f e r r i c colour reaction and was a single ent i ty on 
T.L.C. examination in the toluene^ethyl formate^formic acid solvent 
system. 
Spectral data 
NMP (CDCl^,S ) 
3 .65 (S ) ; 3 . 8 ( S ) ; k.9(e)i 6 . 3 ( s ) ; 6 .8 (d , J= l6Hz ) ; 
6.75(d,J=9Hz); 7.1-7.^(ni). 
Analysis 
Found C 7^,22% H 6,06% 
calc. for C^^t^^O^Q C H 5.70^ 
Dibenzyl bischalcone epoxide(LXXVIII) 
Dibenzyl bischalcone (500 mgm) was dissolved in dry acetone(10,0 ml) 
and an aqueous solution of 85^  NaOH(0,8 ml) was added to i t . The solution 
was s u f f i c i e n t l y cooled in an ice-sa l t ,bath and then H2O2 (1.0 ml,100 v o l ) 
was added under cold conditions. The reaction micture was then shaken for 
one hour with cooling at intervals of 15 minutes, H2O2 C . O ml) was 
added again at the end of th^ > reaction and the contents allowed to stand 
at room temperature for 8 hours when a precipi tate separated out. I t was 
f i l t e r e d . The f i l t r a t e was diluted with an equal volume of water, the 
precipi tated sol id w»s f i l t e r e d , the two precipi tates mmr^  combined 
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together end c rys ta l l i s ed from methanol to give cream coloured f ine 
needles(300 mgra), m.p. 110°. I t gave a s ingle spot on T.L.C. examina-
tion in TEF, 
Spectral data 
NME (CDClj,S ) 
J.'fCunresol. m); 3 . 7 ( e ) ; 3 .86 (s ) ; 5 . 0 ( s ) ; 6 . 4 ( s ) ; 
6.8(d, j=9Hz) ; 7 .1 (d, J=9Hz); 7.35(ni). 
Analysis 
Found C 71.72^ H 5.58?^ 
Calc. f o r C^o i^^ gO-,2 C 7 1 . H 3A9% 
Action of BF^ etherete on dibenzyl bischalcone epoxide 
The epoxide(500 mgra) was dissolved in dry benzene(10,0 ml) 
and reacted with BF^-etherate(0,5 ml) . The reaction mixture was shaken 
at room temperature for minutes-It was then diluted with ether 
(100 raT),The ethereal solution was washed with water and dried over 
NagSOj^. I t was then f i l t e r e d and the solvent was d i s t i l l e d o f f . The 
residue was taken up in g l i c i a l acet ic acid(10«0 ml) and conc.FCl(5.0 ml) 
was added to i t . The contents were heated on a bo i l ing water bath f o r 
about 2 hours, cooled to the room temperature, di luted with water and 
extrected with ether,The ethereal layer was washed with 3% NallCO^ 
solution and then with water. Recovery of the solvent l e f t a semi-solid 
mass which on crys ta l l i ea t ion from methanol gave the bisi6oflavone(LXXX) 
necdULf 
as colourlesB/(250 mgm), m,p, 175 -76 , I t gave a pos i t i ve f e r r i c reaction 
and was T,L.C, pure. 
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Spectral data 
NMR (CDCl^, S ) 
3.9(S); i+.OCs); 6.52(s); 6.95(d,j=9Hz); 
7.5(d, j=9Hz); 7.9(6). 
Analysis 
Found C 69.23^ H 
calc. for C 69,k3% H k.82% 
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( i l ) Phytochemical etudies 
A- Study of the f ru i t s of Pedalium murex Linn : 
Extraction of the f ru i t e 
Well powdered f ru i t s (100 gms) were exhaustively extracted 
with ethenol (95/^) in a soxhlet apparatus. The solvent was recovered 
on a rater pump under reduced presu-^e, when a brown syrupy l iqu id 
was obtained. This residual mass was treated with petroleum ether 
inorder to remove the petrol soluble products. The pet ro l insoluble 
f ract ion left^gnve a pink colour with Magnesium and hydrochloric acid 
confirming the presence of f lavonoids. On T.L.C. examination in TEF 
i t showed one major and several minor spots, Inspite of our best e f f o r t s , 
we could not obtain any c rys ta l l ine compounds from this residue. 
I s o l a t i o n of l u t e o l i n 
Final ly the residue was added dropwise while s t i r r i ng to a large 
volume of water and extracted f i v e times with ether. A l l the ethereal 
extracts were combined together and a f t e r drying over anhydrous sodium 
sulphate, the ethereal solution was f i l t e r e d o f f to remove sodium sulphate, 
Recovery of ether l e f t a semi-solid mass which was c rys ta l l i sed several 
times from methanol to g ive a l i gh t yellow compound m,p,^300® , On T.L.C, 
examination alongside with an anthentic sample of lu teo l in in TEF and 
BPF i t s spot corresponded we l l with lu teo l in . Further ident i ty was 
established by comparing the I .R . spectra, which were superimposable. 
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Spectral data 
\MeOH 255. 3'f5 nm 
max 
\ AlCl j 
^max 
270(sh), 330, ^20 nm 
^AlClj+HCl 
max 
275. 355, 385 nm 
\NaOAc 
'^ max 
270, 370 nm 
.NaOH+H,BO, 
\ ^ ^ 260, 325, 370 nn 
max 
Acetylatlon; 
The above compound (200 mgm) was dissolved in pyridine 
(5 .0 ml) and acetic anhydride(3.0 ml) was added to i t . The contents 
were l e f t overnight and then poured dropwise in cold water with 
constant s t i r r ing , when a precipitate was obtained. I t was f i l t e r ed , 
washed with large q^usntity of water, f ree of acetic acid and pyridine 
and dried. On crystel l isat ion from methanol i t gave a colourless 
crystBlline compound ci.p, 220-22®, I t was T.L.C. pure in TEF and BPF 
solvent systeras,(Lit, Luteolin tetraacetate,m,p. 225-26°). 
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B- Study of Pongamia glabra Vent»( N«0» Leguminosae) seed kernels : 
The seed kernels (500 gms) were col lected from dry f ru i t s 
a f t e r removing the testa and then powdered we l l . The seed powder was 
defatted with petroleum ether. A f ter recovery of the solvent a yellowish 
brown fatty o i l was obt«ined in about 30^ y i e ld , 
Thf' defatted seed powder was exhaustively extracted with 
ethanol. The ethanolic concentrate was l e f t in a re f r igerator f o r several 
days, when a brown semi-solid mass separated out. I t was careful ly 
f i l t e r ed and crysta l l ised several times from aqueous methanol to give 
o 
rhombic crystals m.p. 185-87 , This compound was soluble in water, 
sparingly soluble in alcohol and insoluble in ether. I t had a sweet 
taste and gave a posit ive Molisch's t es t . A f ter hydrolysis with HCl, i t 
gave a posit ive test for reducing sugars. On mixed melting with sucrose, 
i t did not show any depression in melting point. 
P r e p a r a t i o n of a c e t y l d e r i v a t i v e ; 
o 
The above compound m.p. 185-87 (500 mgm) was refluxed with 
acet ic anhydride (15.O ml) and fused sodium acetate(8OO mgm) for two 
hours on a heating mantle. A f ter completion of the reaction the contents 
were allowed to cool to thp room temperature and then poured dropwise 
into ice cold water when a sol id separated out which was fi ltered,washed 
with water pnd dried. A l l attempts to crys ta l l i se i t with d i f f e r en t 
organic solvents did not succeed. Finally i t was dissolved in ftft-exiSess 
of bo i l ing petroleum ether and f i l t e r ed . On concentrating and cooling 
o 
i t gave f ine needles of the sucrose octa>acetate m.p. 88-89 (L it ,m,p, 89°). 
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c- s tudy o f the l e a v e s o f Leea i n d i c a M e r r i l l ; 
E x t r a c t i o n 
Well dried powdered leaves (250 gms) of Leea indica were 
exhaustively extracted in a soxhlet apparatus with ethanol. The 
recovery of the solvent l e f t a viscous greenish massC 40 gm) which 
was extracted several times with petroleum ether ( 60 -80 ) t i l l the last 
extracts were almost colourless. The insoluble residue l e f t behind in 
the f lask ( 3 0 gm) was marked as fraction (A ) . A l l the petroleum ether 
extracts were combined together and the solvent was d i s t i l l ed o f f , when 
a dark green residue gm) was obtained. I t was marked ae fraction(B). 
F r f f c t i o n ( A ) ; 
I t gave an intense pink colour rith Mg and HCl and gave a 
green colour with f e r r i c chloride and a yellow colour with ammonia vapour 
indicat ive of the presence of f lavonoids, A T.L.C. examination on ihe 
s i l i c a gel plate in chloroform-methanol-water(35:13.5:1.8) as solvent 
system and viewing the plate under U.V. l i gh t and a f t e r spraying with 
FeCl j^i t was found to be a mixture of at least ^ components. A l l attempts 
to fractionate this mixture through fract ional crysta l l isat ion with 
d i f f e r en t organic solvents did not material ise. Finally a recourse was 
taken to the preparative T.L.C. on 20x20 cm size glass plates coated with 
s i l i ca ge l . An alcoholic solution of the above mixture was care ful ly 
applied to these plates which were then allowed to run in chloroform-
methanol-water(35:13.5:''•8) as solvent system. The four bands were 
scratched separatly and eluted with methanol. No crysta l l ine compounds 
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coOld be obtained from these eluates, A re-examination showed them 
to be mixtures on T.L.C. plates. Further investigations were stopped 
at this stage only. 
Fraction(B); 
The dark green residue, was dissolved in an excess of boil ing 
methanol and passed through a bed of animal charcoal. A clear yellow 
f i l t r a t e was obtained which was concentrated to a small volume and l e f t 
at the room temperature, when a crystal l ine mass separated out. I t was 
f i l t e red and recrystal l ised from methanol to give a colourless compound 
m.p, 258-60''. I t gave a positive Liebermann-Burchard reaction for tr i ter-
penes and was T.L.C. pure in the benzene-methanol(90:10) solvent system. 
The spot was developed by sfjraying with 2.% aqueous and heating in 
an oven at 100°, 
Spectral data 
•nV^ ®*' 3500,1700 cm"'' 
]) max 
Acetylation 
The above compound m.p, 258-60° was acetylated with acetic 
anhydride and pyridine in the cold. The contents were l e f t overnight 
at room temperature and then poured dropwise in cold water with constant 
s t i r r ing , when a precipitate was obtained. I t was f i l t e r ed , washed with 
water and crystal l ised from methanol to give fine colourless needles 
m.p. 220-22°. 
Spectral data 
NMR( 
0 .8 (s ) ; 0.9(8) ; 1 .0 (s ) ; 1,1(s ) ; 2.15(8), if.6(m); 
5,5(«nresolved-broad signal ) 
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Acetyl methyl ester 
The above acetate(50 ragm) was dissolved in ether 
and treated with an excess of ethereal solution of diazomethane. 
After 24 hours» tho ether was evaporated and the product was 
crysta l l ised from methanol to p i^ve a colourless product m.p, 225°. 
Spectral data 
NMR(CDClj,S) 
0.8 (8 ) ; 0.9(broad s ) ; 1 .1 (s ) ; 2 .1 ( s ) ; 3 .6 ( s ) ; 
^+,6(0); 5.5(unre8. broad s ignal ) 
!!ethyl esther 
The Parent compound m.p. 258-60°(50 mgm) was methylated 
with diazomethane as above. On evaporation of the ether a sol id 
was obtained which was crysta l l ieed from methanol to give a colourless 
compound m.p, 121°, 
B i l l . T O O R A P HY 
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